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Demonstration of Eaton’s Agent in Tissue Culture.* 
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(Introduced by John H. Dingle) 


Department of Preventive Medicine, Western Reserve University School of Medicine, Cleveland 


Many problems of studying the Eaton 
agent of primary atypical pneumonia have 
related to its limited host range and the lack 
of convenient methods to indicate its pres- 
ence in a test system. The indirect fluores- 
cent antibody procedure was adapted to lo- 
calization of the agent in the chick embryo 
by Liu(1). More recently Chanock, e¢ al. 
(2) have demonstrated that propagation in 
tissue culture systems is possible; they were 
unable to visualize the agent directly, how- 
ever, and it was necessary to subculture the 


* This investigation was conducted under the spon- 
sorship of Commission on Acute Respiratory Dis- 
eases, Armed Forces Epidemiological Board, and 
was supported in part by Office of The Surgeon 
General, Dept. of the Army, and by a grant from 
Robert Hamilton Bishop, Jr. Endowment Fund. 

+ This investigation was completed during the 
tenure of a Postdoctoral Fellowship from Nat. Inst. 

of Allergy and Infect. Dis., U.S.P.HS. 


tissue culture materials in chick embryos 
with application of Liu’s methods to identify 
the agent. This report concerns successful 
direct localization of Eaton’s agent in tissue 
culture. The data to follow amplify the ob- 
servations of Marmion and Goodburn(3) 
which have suggested a relationship between 
the agent and pleuropneumonia-like organ- 
isms. 

Materials and methods. The Mac strain 
of Eaton’s agent, obtained from Dr. Chien 
Liu and passaged 8 times in chick embryos 
in this laboratory, was used in these studies. 
Rhesus monkey kidney cell flask cultures 
were obtained from Microbiological Associ- 
ates, removed from the glass with 0.25% 
trypsin, and resuspended in growth medium 
(Hanks’ BSS 90%, inactivated calf serum 
10%, lactalbumin hydrolysate 0.5%, penicil- 
lin 1,000 units/ml). Secondary monolayers 
of these cells were prepared on 6 X 22 mm 
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FIG. 1. A secondary monke 
agent. Rounded, granular growths are distributed at random hy 
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coverslips in screw cap tubes, and before in- 
oculation the fluid was changed to a special 
maintenance medium (Eagle’s medium with 
double amino acids and vitamins 95%, inac- 
tivated chicken serum 5%, 1-glutamine 
0.025%, penicillin 1,000 units/ml, and suf- 
ficient NaHCO; solution to approximate pH 
7.4). Infected chick embryo lung suspension 
was centrifuged 1500 rpm for 10 minutes to 
clarify, dilutions were prepared in mainte- 
nance medium at 4°C, and tubes were inocu- 
lated to contain a 10° final dilution of the 
stock agent. After various periods of incu- 
bation in stationary racks at 32°C the cover- 
slips were harvested, air-dried at room tem- 
perature, fixed in acetone for 10 minutes, and 
stained with either the indirect fluorescent 
antibody technic as previously described (4) 
or an intensified Giemsa method(3). Anti- 
sera were obtained from a serum collection 
of primary atypical pneumonia cases occur- 
ring in the Cleveland area in 1947-48, or by 
immunization of rabbits with stock agent as 
described by Liu(1). Previous titrations 
using infected chick embryo lung sections 
(4) revealed that the human convalescent 
sera contained antibody at dilutions of 1:320- 
1:640, while the rabbit antiserum had a titer 
of 5120. 

Results. Observations of unfixed cultures. 
Under the conditions imposed the onset and 
character of cytopathic effects were variable. 
The changes consisted most often of the de- 
velopment of plaques of yellowish, granular, 
refractile cells with ultimate retraction and 
detachment from the glass. In some experi- 
ments these changes could be seen as early 
as 4 days, while in others they were not ap- 
parent until 10 days following inoculation of 
the cell sheets; at times no specific changes 
could be seen as late as 14 days, by which 
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time the picture was often confused by the 
emergence of simian agents. It became ap- 
parent early in the course of these investiga- 
tions that this method of detecting the pres- 
ence of the Eaton agent was unreliable, and 
attention was turned to the use of the indi- 
rect fluorescent antibody technic. 

Observations by means of fluorescent anti- 
body staining. Coverslip cultures were har- 
vested at various times following inoculation, 
and stained with sera known to contain fluor- 
escent-stainable antibody against Eaton’s 
agent. Antiserum dilutions of 1:10 were pre- 
pared in phosphate buffered saline (pH 7.2) 
and inactivated by heating at 56°C for 30 
minutes. Controls for the reaction consisted 
of the following: 1) infected and uninocu- 
lated cell cultures stained with known-nega- 
tive antisera (human acute or normal rabbit 
specimens); 2) cultures inoculated with nor- 
mal chick embryo lung suspension stained 
with human convalescent serum or rabbit 
antiserum; and 3) normal and infected cul- 
tures stained only with the fluorescein-con- 
jugated goat antirabbit or antihuman globu- 
lin solutions. 

The changes to be described were seen in 
infected cultures stained either with human 
convalescent sera or rabbit antiserum, but 
not in any of the control systems. Begin- 
ning at 2 or 3 days after inoculation, and in- 
creasing until destruction or degeneration of 
the cultures at 14 days, brightly stained, 
rounded, granular structures were evident. 
The appearance of an intact culture 6 days 
after inoculation is illustrated in Fig. 1. Fig. 
2 shows an infected monolayer after 10 days’ 
incubation, at which time partial destruction 
of the cell sheet had occurred. The plane of 
focus of these structures under high magni- 
fication revealed them to be at the surface 


FIG. 2. A partially destroyed cell sheet, 10 days after inoculation, with brightly stained 
structures on edges of cells and upon cytoplasmic processes, X430. ; 5 a? 

FIG. 3. A large mass of antigenic material occurring 10 days after inoculation, which is 
composed of a cluster of smaller rounded units. x 430. 

FIG. 4. Companion culture to that in Fig. 1, stained by the Giemsa method, Pink, granular 
structures are scattered across the surface of the large cell in the center of the field with periph- 


eral aggregation. 200. 


FIG. 5. Companion culture to that in Fig. 2 showing partial destruction and retraction of 
cell sheet. Clusters of the rounded structures seen earlier are present (C), and all cells in the 
field now show evidence of infection. Giemsa stain. 200. 

FIG. 6. A single rounded cell bearing a colony on cell wall, The finely particulate nature of 
the growth is just discernible. Giemsa stain. 900, 
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of cells, in intercellular spaces, on the edges 
of cells at the periphery of the monolayers, 
and upon long cytoplasmic processes of cells 
(Fig. 2). They were always in direct asso- 
ciation with cells, however. These struc- 
tures seemed fixed to the cell sheet since they 
did not wash off during the multiple agitated 
rinses of the staining procedure. Late in the 
course of infection much larger aggregates of 
fluorescing material were present after stain- 
ing (Fig. 3), but these were composed of 
clusters of the smaller, rounded units. Cells 
were frequently seen which contained min- 
ute specifically-stained particles; it was im- 
possible to determine if these were intracy- 
toplasmic or on the surface of the cells. Be- 
cause of the difficulties of visualizing fine de- 
tail with the fluorescence microscope, study 
of companion cultures stained by the Giemsa 
method was undertaken for further evalua- 
tion. 

Observations by means of Giemsa staining. 
Changes comparable to those seen with the 
fluorescence microscope could be found by 
examination of infected cultures stained with 
an intensified Giemsa procedure (Fig. 4 and 
5). These changes were not seen in either 
normal secondary monkey kidney cell cul- 
tures or in cultures inoculated with normal 
chick embryo lung suspension. Study of the 
alterations with the oil immersion objective 
revealed that the rounded structures associ- 
ated with cells were composed of forms near 
the limit of resolution which stained light 
pink, and appeared to be predominantly 
rounded in shape (Fig. 6). Clusters of the 
minute forms averaged 10 » in diameter as 
measured on photographic enlargements with 
appropriate corrections for degree of magni- 
fication, or more directly by use of a cali- 
brated ocular micrometer. 

Discussion. It has recently been shown 
that growth of the Eaton agent is inhibited 
by gold salts, and that minute cocco-bacilli 
are present in infected chick embryos in 
areas corresponding to those containing the 
fluorescent-stainable antigen(3). This in- 
formation coupled with the size of the agent 
(5), range of antibiotic sensitivity(3), and 
the agent’s stability characteristics(6) all are 
quite similar to those of the family of pleuro- 
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pneumonia-like organisms (PPLO). The 
data presented revealed the development of 
extracellular growths in colonial configura- 
tion after inoculation of secondary monkey 
kidney cell cultures with Eaton’s agent. The 
serological reaction of these colonies was in- 
distinguishable from that of the same stock 
agent identified in the chick embryo. Carski 
and Shepard(7) have demonstrated PPLO 
in tissue culture systems using the fluorescent 
antibody technic, and their descriptions are 
strikingly similar to the findings with Eaton’s 
agent reported above. This accumulated 
evidence strongly suggests that the Eaton 
agent is a member of, or shares many prop- 
erties of, the genus Mycoplasma. 

The methods described make possible ex- 
perimentation with the agent directly in tis- 
sue culture without the need for an additional 
indicator system. Work is now in progress 
to evaluate application of these technics to 
further study of the growth and other biolo- 
gic characteristics of the agent. 

Summary. The Eaton agent was localized 
in secondary monkey kidney cell cultures by 
means of fluorescent antibody staining em- 
ploying either human atypical pneumonia 
convalescent sera or rabbit antiserum. 
Morphologic study of material stained by the 
Giemsa method revealed the occurrence of 
extracellular growths resembling colonies 
with an average diameter of 10 micra. These 
findings plus other characteristics of the 
agent summarized suggest an intimate rela- 
tionship to organisms of the genus Myco- 
plasma. 
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Autoradiographic Studies of Cell Proliferation in the Periosteum of Intact 
and Fractured Femora of Mice Utilizing DNA Labeling with 


H?®-Thymidine.*t 


(26733) 


Epcar A. ToNNA AND EuGENE P. CRONKITE 
Medical Research Center, Brookhaven National Laboratory, Upton, N. Y. 


Opinions on the origin of periosteal cells 
differ(1). The periosteum consists of 2 lay- 
ers, an outer layer of fibroblasts and an inner 
layer of pre-osteoblasts and osteoblasts. The 
origin of the preceding cell types is of funda- 
mental interest. Apparent morphologic tran- 
sitions between various cell types exist (Fig. 
1). Therefore, it is difficult to tell which 
cells produce others without a marker that 
is permanent and is carried through the tran- 
sitions. Such a marker is tritiated thymidine 
which labels DNA during replication prior 
to mitosis and is visible by autoradiographic 
methods for 5 to 6 cell generative cycles(2, 
3,4). The availability of such a marker 
should make it possible to determine the se- 
quential relations between pre-osteoblasts, 
osteoblasts, osteoclasts, osteocytes, the chon- 
drocytic series, and fibroblasts. 

The aim of these experiments is: 1. To de- 
termine the original cell types participating 
in fracture repair, and 2. To find out whether 
a common progenitor of these cells exists. 

The normal cellular complement of the 
skeletal system has been recently studied 
autoradiographically with tritiated thymidine 
during growth and aging(5). 

Methods and materials. A total of 45 fe- 
male mice of the Brookhaven National Lab- 
oratory strain of Swiss Albino were divided 
into 5 age groups, namely 1, 5, 8, 26 and 52 
weeks of age. The right femur was fractured 
by digital pressure at the mid-diaphyseal as- 
pect, under ether anaesthesia. The left leg 
was used as a control. It has been estab- 
lished from normal and fracture studies pre- 
viously reported(5,6) that no qualitative or 
quantitative changes are observed in tritiated 
thymidine autoradiographs of non-fractured 


* Research supported by U. S. Atomic Energy 
Commission. 

t Work was presented in part at Seventh Inter- 
national Congress of Anatomists, New York City, 
April 11, 1960. 


femora when the opposite limbs have been 
fractured. Animals were killed 24 hours, 1 
week and 2 weeks post-fracturing. One hour 
prior to killing, the mice received a subcu- 
taneous injection of 0.5 pc of tritiated thymi- 
dine per gram of body weight. Tissues were 
fixed in acetic-alcohol for 3 hours, followed 
by an additional 24 hours of fixation in for- 
mol-saline and washed for 24 hours with run- 
ning tap water. Decalcification was carried 
out in a 10% solution of Versene. Paraffin 
sections were cut at 5 » and subsequently cov- 
ered with a liquid emulsion of Kodak NTB;, 
and exposed for 20 days in a cold, dry at- 
mosphere. Preparations were stained with 
Harris hematoxylin after developing. Addi- 
tional histological sections were stained with 
hematoxylin and eosin. 

Measurements of the thickness of the peri- 
osteum at each age were made with an ocu- 
lar micrometer. 

Results and discussion. ‘Flash labeling” 
by injecting H*TDR and then killing the 
animals before sufficient time has elapsed to 
permit labeled cells to divide, gives one an 
estimate of the proliferative rate at that in- 
stance by marking the fraction of cells that 
were synthesizing DNA preparatory to the 
next mitosis. 

In the periosteum of normal intact mice, 
pre-osteoblasts are “flash” labeled more fre- 
quently than osteoblasts or fibroblasts. Ex- 
amples are seen in Fig. 2. Osteocytes do not 
“flash” label. With increasing age the frac- 
tion of cells ‘‘flash” labeled diminishes. The 
fractions labeled in non-fractured femora 
were relatively constant 1 day, 1 and 2 weeks 
after fracture of the opposite femur. 

Following fracture of the femur the frac- 
tion of cells labeled in the periosteum 24 
hours after fracture was greater throughout 
the entire shaft (Fig. 3). One week after 
fracture, labeling was most prevalent at the 
fracture site but was less than after 24 hours. 
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Two weeks after fracture the periosteal label- 
ing was similar to the control leg except at 
the fracture site. After fractures there is 
more abundant labeling of pre-osteoblasts 
than osteoblasts and only a slight increase 
in labeling of fibroblasts. 


Striking changes are observed in the peri- 
osteum with increasing age. The total thick- 
ness decreases from about 136 p» to 48 » and 
the osteogenic layer from 77 to 14 » with in- 
creasing age (Table I). The per cent reduc- 
tion in thickness is 42% in the fibrous layer 
and 81% in the osteogenic layer between 1 
and 52 weeks of age. The diminution in 
thickness is due in part to the presence of 
fewer and smaller cells. However, following 
trauma, the periosteum can respond at all 
ages by increased cell production with re- 
sultant thicker periosteum. The decreased 
rate of callus formation in fractures of older 
animals corresponds to the increased time 
needed to produce sufficient cells to repair 
the fracture. 


These autoradiographic studies may be 
considered as ‘“‘flash labeled” since the one 
hour interval between injection of the DNA 
label and killing of the animals does not per- 
mit cell division to occur. Thus the prolifer- 
ative potentials of all cells at that instance 
are recorded. Pre-osteobasts, osteoblasts 
and fibroblasts possess proliferative poten- 
tials of decreasing order. Osteocytes and os- 
teoclasts are presumably non-proliferative 
“sterile cells” produced only by transforma- 
tion or fusion of precursor cells(7). 

From these studies it is highly unlikely 
that fibroblasts produce osteogenic cells or 
that osteogenic cells produce fibroblasts. It 
appears that fibroblasts either have an au- 
tonomous origin in part or are in part pro- 
duced by migration of mononuclear cells 
from the blood(8). 

Tentatively it is believed that pre-osteo- 
blasts produce chondrogenic cells and osteo- 
blasts in fracture repair. The fibrous layer 
of the periosteum apparently contributes lit- 
tle if any to the osteogenic layer, whereas, 
during fracture repair the thickening osteo- 
genic layer is produced by production of new 
osteoblasts (Fig. 1, No. 3). 

Actual cellular flow rates and pathways 
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FIG. 1. The femoral periosteum of a new-born 
mouse is shown depicting the possible origin and 
pathways of various cell types. (FB) represents 
the fibrous layer of periosteum, (OC) preosteo- 
blasts, (OB) osteoblasts, and (B) cortical bone. 
(1) shows formation of pre-osteoblasts from fibro- 
blasts and osteoblasts from pre-osteoblasts. (2) in- 
dicates formation of osteoblasts and fibroblasts 
from pre-osteoblasts. (3) shows that each cell type 
can contribute to each compartment and that the 
pre-osteoblasts serve as the progenitor pool for the 
supply of osteoblasts not fibroblasts. 

FIG. 2. Autoradiograph of femoral periostemm 
of a 1-wk-old mouse labeled with tritiated thymi- 
dine. Hematoxylin stained. «100. 

FIG. 3. Autoradiograph of femoral periosteum 
of a 1-wk-old mouse, 32 hr after fracture, heavily 
labeled with tritiated thymidine, Hematoxylin 
stained. 320 oil immersion. 
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TABLE I. Average Thickness of Mouse Periosteum (in » + AD) Taken from the Anterior As- 
pect of the Mid-Shaft of the Femur.* 


Age (wk) 1 5 8 26 52 
Osteogenic layer WOM se iis “Se8) sabi BO se OS Wee se 77 del Se aos 
Periosteum (fibrous+ 136.3 +209 90.3 +15.3 87.66 +143 60.8 +10.2 48.1 + 13.2 


osteogenic layers) 


* 15 areas were measured in each ease. 


can only be proved by serial killing after a 
single injection of label. 

Summary. An autoradiographic study of 
cell proliferation in intact and fractured 
femoral periosteum of mice using H®-thymi- 
dine showed that osteogenic cells are a rela- 
tively quiescent cell population awaiting a 
signal for proliferation and transformation 
as in fracture repair. Osteogenic cells con- 
stitute a self-sustaining cell population, which 
becomes diminished in size with increasing 
age. Osteoblasts are in part self-reproducing 
and in part are produced by transformation 
of pre-osteoblasts. 


The authors wish to thank Miss M. Pavelec for 
her technical assistance and Mr. Robert F. Smith 
for the photomicrography. 
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Genetic Clinic, Children’s Memorial Hospital, and 
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A possible disturbance in the metabolism 
of epinephrine in phenylketonuria has been 
suggested. Cawte(1,2) has demonstrated an 
increased rise of blood pressure following an 
intravenous dose of adrenalin among phenyl- 
ketonurics and attributed this to an impair- 
ment of epinephrine production. Weil-Mal- 
herbe(3) has shown a decrease of plasma 
epinephrine and norepinephrine in various 
forms of mental defect, with phenylketo- 
nurics being among the lowest. 

The present paper will describe the de- 
crease of dopamine, norepinephrine, and 


* Aided by grants from Illinois Mental Fund and 
U. S. Public Health Service. 


epinephrine in phenylketonuria and discuss 
evidence for the zz vivo inhibition of dopa 
decarboxylase by phenylalanine derivatives. 

Materials and methods. ‘Two groups of 
phenylketonurics were studied. Eight pa- 
tientst (ages 9-15) had received no specific 
treatment and 6 patients (ages 3-7) had been 
treated with low-phenylalanine diet from 6 
months to 4 years. Identical studies were 
carried out in 8 normal and 8 mentally-re- 
tarded controls of comparable age and sex to 
the untreated phenylketonurics. 


+ The kind cooperation of Dr. Tillman and staff 
members of Dixon State School is gratefully ac- 
knowledged. 
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TABLE I. Summary of Values in Controls and Phenylketonurics. 


Controls Phenylketonuri¢s 
Normal Retarded Untreated Treated 2 
(8) (8) (8) (6) fs 
Plasma 
Phenylalanine (mg %) 1.92 +2 1.83" 2202/22 °76 37.00 +440 846+4.74 <.001 
Terouine ‘ 5 “ 195+ .34 2.084 .48 1.93 + .42 1205-29 8 
Norepinephrine (ug/1) BOOss af soilsce Wi 3043) (46 — 593 == to O02 
Tee a ) igs se of isha aXe WS (28 Ii27-se 40) 02=05 
Urine 
Dopamine (ug/24hr) 52.97+ 4.22 56.85 + 5.13 26.65 + 3.18 38.61+2.77 <.001 
Nerepmephinen Me 862322 TON 1049 Ser3-30 3.46+1.14 663+1.02 .005—.01 
Epinephrine (€ =” yy) 5945-539 6.42 =e 8s 1.70 + .67 3.33 + 90 <.001 


Numbers in parentheses indicate number of subjects tested. Values expressed as means and 


stand. dey. 


* t test of difference between controls and untreated phenylketonuries. 


Twenty-four hour urine specimens were 
collected in dark bottles containing 10 ml 6N 
HCl. Urine norepinephrine and epinephrine 
were determined by the method of von Euler 
and Lishajko(4) and dopamine by the meth- 
od of Carlsson and Waldeck(5). During the 
collection, a blood sample was obtained using 
heparinized syringes. Plasma phenylalanine 
was determined by the method of LaDu and 
Micheal(6), tyrosine by the method of Uden- 
friend and Cooper(7), and norepinephrine 
and epinephrine by the method of Price and 


Price(3)): 
Results. The data are summarized in Ta- 
ble I. No significant difference exists be- 


tween the controls of normal intelligence and 
those who are mentally retarded and the 2 
groups may be treated as one. While plasma 
phenylalanine levels were markedly elevated 
in the untreated phenylketonurics, no altera- 
tions in plasma tyrosine levels could be de- 
tected. The decrease of plasma tyrosine in 
the treated phenylketonurics could in part 
be attributed to a relative deficiency of ty- 
rosine in the low-phenylalanine diet (9). 
There is a uniform decrease of epine- 
phrine-like compounds in the untreated phe- 
nylketonurics. In the plasma, the decrease 
of norepinephrine (.02<P<.01) and epine- 
phrine (.05<P<.02) is moderately signifi- 
cant. In the urine, the decrease of dopamine 
(P<.001), norepinephrine (P<.005) and 
epinephrine (P<.001) is highly significant. 
In all instances, this decrease is reversible 
when the phenylketonuric is treated with a 


low-phenylalanine diet. The inverse rela- 
tionship between individual values for 
plasma phenylalanine and_ epinephrine-like 
compounds is shown in Table II. The nega- 
tive correlation coefficient in each group is 
highly significant (P<.001). 

Discussion. Holtz(10) has shown that the 
primary pathway of epinephrine formation is 
as follows: 

Dopa 


Tyrosine —+> Dopa ————————> Dopa- 
Decarboxylase 


mine —-> Norepinephrine —> Epinephrine 


A decrease of dopamine, norepinephrine, and 
epinephrine in phenylketonuria could be 
caused either by a deficiency of tyrosine(1) 
or a decrease of dopa decarboxylase(11). 

the present study, levels of tyrosine in the 
plasma appear to be unaltered by the exces- 
sive phenylalanine. Although the decrease of 
epinephrine-like compounds could be caused 
by a failure of tyrosine to dopa, or by the 
use of an alternative pathway, it is most 
likely due to a decrease of dopa decarboxy- 
lase. Previously, Hartman ef al.(12) and 


TABLE II. Correlation between Plasma Phenyl- 
alanine and Various Epinephrine-Like Compounds. 


Compound Correlation coefficient* 
Plasma — Norepinephrine —.82 
Epinephrine —.65 
Urine — Dopamine =e: 
Norepinephrine =a! 
Epinephrine Soil 


* P <.001 in all instances. 


Vir. By2, METHIONINE, AND FORMIMINOGLUTAMIC ACID 


Fellman(13) have demonstrated in vitro in- 
hibition of dopa decarboxylase by phenylpy- 
ruvic, phenyllactic, and phenylacetic acids. 
Since these derivatives of phenylalanine are 
known to be present in excessive quantities 
in phenylketonuria and this change is re- 
versed by a diet low in phenylalanine content 
(13), the present data would appear to pro- 
vide evidence for the im vivo inhibition of 
dopa decarboxylase. 


Pare et al.(14) have indicated that the de- 
crease of 5-hydroxytryptamine and _ 5-hy- 
droxyindoleacetic acid in phenylketonuria is 
due to an inhibition of 5-hydroxytryptophan 
decarboxylase by phenylalanine metabolites. 
These findings have recently been confirmed 
in normal rats made phenylketonuric by 
feeding excessive amounts of both phenyl- 
alanine and tyrosine(15). Studies carried 
out in vitro by Yulwiler(16) and Hess et al. 
(17) have indicated that the pyridoxal-phos- 
phate dependent decarboxylases may repre- 
sent closely related or identical enzyme sys- 
tems. The similarity between the changes 
caused by the derivatives of phenylalanine 
upon 5-hydroxytryptophan and dopa de- 
carboxylase would seem to provide further 
in vivo evidence for this hypothesis. 


Summary. Data have been presented show- 
ing a decrease of norepinephrine and epine- 
phrine in the plasma and of dopamine, nor- 
epinephrine, and epinephrine in the urine of 
phenylketonuric children. These changes 
were reversed when the patients were treated 
with a low-phenylalanine diet. Since plasma 
tyrosine levels remained unchanged, this de- 


GS 


crease appears to be caused by inhibition of 
dopa decarboxylase by the derivatives of 
phenylalanine. This would provide further 
in vivo evidence that the pyridoxal-phos- 
phate dependent decarboxylases represent re- 
lated or identical enzyme systems. 
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Effects of Vitamin B,. and Methionine on Excretion of Formiminoglutamic 


Acid by the Chick.* 


(26735) 


M. R. Spivey Fox, WALTER J. Lupwic, AND Mary CULLEN BAROoDY 
Laboratory of Nutrition and Endocrinology, National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda, Md. 


Young rats fed a diet deficient in Vit. By» 
were found by Silverman and Pitney(1) to 
excrete large amounts of formiminoglutamic 
acid (FGA), a metabolite of histidine that 
normally is excreted in negligible amounts in 


urine. They found that supplements of either 
Vit. By. or methionine caused a drop in FGA 


* Part of these data were presented at Fifth Inter- 
national Congress on Nutrition, Sept. 1-7, 1960, 
Washington, D. C. 
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TABLE I. Effect of Vit. B,. Deficiency upon Excretion of Formiminoglutamic Acid.* 


Se ee ee ee 
——_—— eS 


pmoles FGA + S8.E. 


Nt Bo. Body wt istidine intake Nee 
mg/kg diet + §.E., g + S.E., mmole/day Per day Per mmole histidine 
0 114 +3.3 al Se Oy Nias Se VE 108 + 14.5 
al} 215 + 8.8 20) SU 200 50-0 ibl Se “ky 


* Avg of values from 3 exp., total of 21 chicks for each treatment, 22 days of age. 


excretion to low or zero levels. This Vit. 
B,o-methionine relationship in the rat was 
closely analogous to that observed by Fox 
et al.(2,3) in young chicks; i.e., growth was 
poor in the absence of Vit. B;2 but good upon 
supplementation of the diet with either the 
vitamin or methionine. The diets used in 
both the rat and the chick studies contained 
high levels of fat and were borderline in the 
sulfur-containing amino acids. FGA excre- 
tion pattern of the Vit. Bis deficient chick 
was investigated because it seemed that this 
parameter of deficiency could be useful in 
elucidating some of the interrelationships be- 
tween Vit. Byj2, methionine, and fat. It was 
found that the Vit. B,. deficient chicks ex- 
crete large amounts of FGA and that this 
excretion rate is markedly reduced by methi- 
onine. 

Methods. Day-old female New Hamp- 
shire chicks were placed in electrically heated 
batteries with screen wire floors. They were 
fed diet C62(4), a purified soybean protein 
diet that contained 24% of fat. Vit. Bis 
was omitted from the diet except as indicated 
in Table I. After 3-5 wks, the chicks were 
placed in individual cages and the excreta 
were collected and assayed for FGA as previ- 
ously described(4,5). The number of chicks 
per experimental group varied between 35 and 
8. During the collection periods, L-histidine 
HCl was added to the diet at a level of 1% 


to accentuate the differences in FGA excre- 
tion. Supplements of methionine and related 
compounds were incorporated into the diet 
for 24 hr intrevals as indicated in Tables II 
and III. In the experiments reported in 
Table IV, chicks were raised on a Vit. By 
deficient diet exactly like C62 except that 
fat content was lowered to 4%; glucose was 
added to compensate for the weight of fat 
(200 g/kg of diet) that was omitted. FGA 
excretion was determined while the chicks 
received the low level of dietary fat and also 
during the 2 days following an increase in 
dietary fat to 24%. In some experiments 
food intake was restricted on certain days. 
When this was done, the chicks received one- 
third of the day’s ration at the beginning of 
the day and the remaining two-thirds 8 hr 
later. 73 

In addition to colorimetric assays for FGA 
many extracts of excreta were also subjected 
to paper chromatography and paper electro- 
phoresis. Components of the extract were 
separated in duplicate on Whatman 3MM 
paper by ascending chromatography for 16 
hr. The developing solvent was the butanol 
phase which separated after mixing n-butanol 
40%, glacial acetic acid 10%, and water 
50% by volume. The strips were dried and 
one strip for each sample was exposed to the 
atmosphere over ammonium hydroxide for 
1 hr to hydrolyze the formimino group from 


TABLE II. Effect of Methionine Supplementation for One Day upon Exeretion of FGA by 
Vit. B,. Deficient Chicks.* x 


—umoles FG A——_, 


DL-methionine, Body Histidine intake, Per mmole 
Day % of diet wt, g mmole/day Per day histidine 
it 0 203 2.0 103 52 
2 0 212 iy) lil 5S 
3 1 231 2.6 14 5) 
~ 0 232 1.8 270 150 
5 0 239 1E9 121 6+ 


* Mean values for 15 chicks from 2 experiments. Chicks were 31 days of age on day 1. 
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TABLE III. Effect of Compounds Related to Methionine upon Hxeretion of FGA by Vit. Py. 
Deficient Chicks.* (umoles FGA/day/mmole histidine intake. ) 


ae ee a ee eee ee 
ooooo—X—WOO0O80OO0080O0810O10——~romoOmmmmeeaeae emo 


DL- DL-homoeysteine DIL-homo- Choline 

Day Supplementt methionine} thiolactone HCl cystine L-eystine chloride  Betaine 

il 0 67 hats} 39 35 68 46 

2 0 72 valk Byes 51 45 59 
3 =- 35 italia 39 50 48 72 

4 0 211 113 68 66 74. 60 

5) 0 120 103 46 43 44 48 
No. of chicks 5 7 


13 5 13 12 


* When more than 7 chicks received a given supplement, the results are the avg of 2 experi- 


ments; ages ranged between 21 and 31 days. 


+ The methionine supplement (Table IL) was incorporated at a level of 1% of the diet; all 
supplements in this table were equimolar or equivalent in methyls (choline and betaine) to 


methionine. 


¢ Food intake of each chick was limited on day of methionine supplementation to amount of 


diet consumed the previous day. 


the FGA. Excess ammonia was dissipated 
from the strips by forced air at room temper- 
ature for % hr. All strips were then dipped 
in a solution of 0.2% ninhydrin in acetone. 
FGA does not stain with ninhydrin whereas 
the glutamic acid formed during hydrolysis 
stains blue. Other pairs of strips were 
sprayed with the same alkaline ferricyanide- 
nitroprusside reagent and sodium borate so- 
lution as used for the colorimetric assay(5). 
These reagents form a pink color with com- 
pounds having a formimino group. Electro- 
phoresis was carried out with the pyridine- 
acetate buffer of Knowles(6) in Spinco 
Model R migration chambers at 400 volts for 
two and one-half hr. A sample stripper was 
used to apply 0.01 ml of sample across each 
strip of 3 cm wide Whatman 3MM paper. 
The same volume of a standard solution con- 
taining 1 pmole FGA/ml was used as a con- 
trol. Following electrophoresis, the strips 
were dried and cut in half longitudinally. 
One of each pair was exposed to ammonia va- 
por and then both strips were stained in the 
same manner as described above. 

Results. The Vit. By. deficient chicks grew 
slowly and excreted more than 5 times as 
much FGA as chicks in the control group re- 
ceiving Vit. By. (Table I). This difference 
was highly significant (P<0.01) when total 
mean daily excretions were compared as well 
as when FGA values were related to dietary 
histidine intake. Injection of Vit. By. de- 
cient chicks with 1 y~ Vit. Bi2./day has been 
reported to cause FGA excretion to decline 
to minimal levels after 2 days(4). The same 


effect has been observed when the diet of the 
Vit. Bis deficient chicks was supplemented 
with 0.1 mg Vit. By2/kg of diet (unpublished 
data). 

When Vit. Bio deficient chicks were given 
a DL-methionine supplement (incorporated 
in the diet at a level of 1%) for 24 hr, there 
was an immediate and marked drop in FGA 
excretion (Table II). On the day following 
methionine supplementation, FGA excretion 
rose to a level which was more than double 
the daily excretion during the pre-supplemen- 
tation period. Then the amount of FGA 
dropped to the original level on the fifth day 
of the experiment. This pattern of FGA ex- 
cretion is also shown in the photograph of 
the paper strips (Fig. 1) on which the com- 


TABLE IV. Effect of Dietary Fat Level upon 
Exeretion of FGA by Vit. By. Deficient Chicks.* 


he aap umole FGA 
Histidine 
intake, Per Permmole 
histidine 


Dietary 
Day fat, % 


Body 
wt,g mmole/day day 


Bxp. 1 (ad libitum) 


1 + 180 2.6 65 25 
2 + 190 2.5 87 5) 
3 24 195 a 103 6] 
4 a4 200 ily 108 O7 
Hup. 2 (restricted food intaket ) 
1 4 al 1.4 157 112 
2 + 173 1.4 144 1038 
3 24 178 1.4 167 119 
4 24 183 1.4 158 113 


* 5 chicks in Exp. 1, 8 in Exp. 2; all 21 days old 
on day 1 of each experiment. All chicks received 
the low fat diet prior to 21 days of age. 

+ Amount of diet offered each chick each day was 
75% of the avg amount consumed by the group on 
the day prior to day 1, 
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ponents in extracts of excreta were separated 
electrophoretically. These were from one 
chick during successive days of the above 
experiment. No formimino-containing com- 
pound other than FGA has been detected 
during this work by either the chromato- 
graphic or electrophoretic procedures de- 
scribed above. 

The chicks ate more of the diet on the day 
when the methionine supplement was given 
(Table II). This increase may have influ- 
enced the excretion of FGA on the day fol- 
lowing supplementation. Food intake on the 
day of methionine supplementation was 
therefore limited to the same amount of diet 
as that eaten on the day prior to the methio- 
nine supplement (Table III). In this ex- 
periment methionine did not lower FGA to 
as low a level as that seen in Table II. A 
possible explanation may lie in the fact that 
the chicks ate all of their diet before the end 
of the 24 hr period and part of the “‘post- 
methionine” high rate of FGA excretion may 
have been included in this day’s excretion. 
However, the rise in FGA excretion on the 
day following supplementation was similar 
to that in Table IT. 

Several compounds biochemically related 
to methionine were tested for their effect 
upon FGA excretion (Table III). Each was 
incorporated into the diet for one day at a 
level equimolar to the 1% supplement of me- 
thionine. The first 2 days of each of these 
experiments serve as the basis of comparison 
for assessing the effect of each of the supple- 
ments. None of these compounds (DL-ho- 
mocysteine thiolactone HCl, DL-homocys- 
tine, L-cystine, choline chloride, or betaine) 
reduced FGA excretion. In fact FGA excre- 
tion was slightly higher on the day that be- 
taine was given. When either homocystine 
or choline chloride was given, there was a 
moderate increase in mean FGA excretion on 
the day following the supplement; however, 
these effects were small when compared with 
those of methionine. 

Chicks raised to 3 weeks of age on the Vit. 
Bj>-free diet that contained only 4% of fat 
excreted large amounts of FGA (Table IV). 
When the fat content of this diet was in- 
creased to 24% there was a moderate in- 
crease in FGA excretion. There was a de- 
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crease in the weight of food ingested when 
the fat content of the diet was increased, 
probably due chiefly to the higher caloric 
density of the high fat diet. A second ex- 
periment was conducted in which food intake 
was restricted during the initial 2-day FGA 
measurement period. It was thus possible 
to keep food intake constant during the time 
that both the low and the high fat diets were 
fed. In this experiment there was no change 
in FGA excretion when the dietary fat in- 
take was increased. 

Discussion. The dramatic effect of a me- 
thionine supplement in decreasing the high 
rate of FGA excretion by Vit. Bis deficient 
chicks confirms the findings that Silverman 
and Pitney obtained with the rat(1). The 
mechanism of this effect has been discussed 
(1,7); however, it is still largely a matter for 
conjecture. In these experiments only the 
intact methionine molecule was effective. The 
very rapid effect of the methionine supple- 
ment as compared to that of Vit. Bio sug- 
gests that methionine may be directly in- 
volved in the metabolism of the formimino 
group arising from dietary histidine. The 
marked increase in FGA excretion following 
removal of the methionine supplement ap- 
parently was not related to the increased food 
intake that occurred when additional methio- 
nine was incorporated in the diet (Table 
III). A relatively small proportion of the 
dietary histidine was excreted as FGA by the 
deficient chicks. It is therefore possible that 
the Vit. By. deficient chicks had become 
adapted to use efficiently the small amount 
of available methionine for metabolism of the 
formimino group and that this efficiency was 
temporarily lost when the 24 hr high methio- 
nine supplementation period ended. This 
may account for the observed excretion pat- 
tern (Table II, Fig. 1). 

FGA excretion of individual Vit. By. de- 
ficient chicks has been found to be fairly 
constant from day to day; however, some- 
what larger differences in control values have 
been found between different experiments 
(days 1 and 2, Table III). These experi- 
ments were carried out over a period of sev- 
eral months and variability in the chicks may 
have been a factor. The 2 experiments re- 
ported in Table IV were conducted almost 


1k eee ee een ee 
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FIG. 1. Separation of amino acids by electrophore- 
sis. The strip of each pair marked ‘‘A’’ was ex- 
posed to ammonia for 1 hr prior to staining with 
ninhydrin. The origin was marked with pencil on 
each side of each pair at the center of each strip. 
During electrophoresis the position of the lower 
ends of the strips as seen in the photograph were 
at the anode side. The patterns resulted from ap- 
plication of the following solutions: (1) standard 
FGA, 1 pmole/ml, (2) extract from vit. B,, def- 
cient chick, 0.8 pmole FGA/ml (by colorimetric 
analysis), (3) same chick, day of 1% methionine 


supplement, 0.08 ymole FGA/ml, (4) same chick, 


first day after methionine supplement removed, 
4.85 pmoles FGA/ml, (5) same chick, second day 
after methionine supplement removed, 0.9 ymole 
FGA/ml. Each day’s excreta were made to a total 
_ volume of 50 ml. 

successively. These data offer the suggestion 
that restriction of food intake may increase 
excretion of FGA. This possibility is being 
investigated further. 

It is difficult to explain the differences in 
FGA excretion pattern between the 2 Vit. 
By» deficient animal species and human sub- 
jects with pernicious anemia. Luhby e¢ al. 
(8) and Spray and Witts(9) found that per- 
nicious anemia patients excreted insignificant 
amounts of FGA after daily histidine loading 
tests of 15 and 2 g, respectively. In view of 
the results with animals, it is suggested that 
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the methionine intake of the patients may 
have been sufficient to mask the effect of 
their Vit. By. deficiencies upon FGA excre- 
tion. It is significant that a high level of 
dietary fat was not necessary to cause Vit. 
By» deficient chicks to excrete large amounts 
of FGA. This is contrary to the earlier ob- 
servations on growth of the chick fed this 
Vit. By» deficient diet(3). The level of diet- 
ary fat is probably not involved in the differ- 
ences between man and the chick. 

Summary. Young chicks fed a diet de- 
ficient in Vit. By. for 3-5 weeks excreted 
large amounts of formiminoglutamic acid 
(FGA) when compared to control chicks that 
received Vit. Bys in the diet. The high ex- 
cretion rate of FGA by the Vit. By» deficient 
chicks was reduced to very low levels by in- 
corporation of 1% DL-methionine into the 
diet for 24 hr. This effect was not observed 
with supplements of DL-homocysteine thio- 
lactone HCl, DL-homocystine, L-cystine, 
choline chloride, or betaine. Although a high 
level of dietary fat had previously been found 
necessary to cause poor growth in the ab- 
sence of Vit. By2, FGA excretion was quite 
high with either 4 or 24% of fat in the diet. 


The authors wish to thank Dr. Milton Silverman 
for many helpful discussions and for the forminoglu- 
tamic acid that was used as a standard, and Mrs. 
Esther M. Hurley, Mrs. Helen M. Hood, and Mr. 
Woodrow W. Duvall for excellent assistance with 
these experiments. 
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Blood Volume and Aldosterone Secretion in Hypertension and Primary 


Aldosteronism.* 
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Hirosut Yamaucut,t Epwarp G. Bicrrerti AND JAMES Hopper, JR. 
(With the technical assistance of Catherine Lambert, Barbara Bradley 
and Bobbye Duren) (Introduced by Peter H. Forsham) 
Cardiovascular Research Institute, Metabolic Research Unit, and Department of Medicine, 
University of California School of Medicine, San Francisco 


Observation of an expanded extracellular 
fluid and plasma volume in 2 cases of pri- 
mary aldosteronism(1!) suggested that the 
hypervolemia might be a useful differential 
point in its diagnosis, particularly in distin- 
guishing the hypertensive patient in whom 
the possibility of aldosteronism should be 
considered. 

Case reports. Primary aldosteronism. 
L.B., a 39-year-old white female, and R.T., 
a 25-year-old white male, had known hyper- 
tension of 14 and 6 years duration respec- 
tively. Both had hypernatremic, hypokale- 
mic alkalosis for about 6 years. On admis- 
sion to hospital blood pressure in both was 
220/130 mm Hg. Cardiomegaly, Keith- 
Wagner Grade Il hypertensive retinopathy, 
and a positive Trousseau sign were observed 
in each. No edema or congestive heart fail- 
ure was evident. ‘he mean of 9 urinary al- 
dosterone determinations during sodium in- 
takes higher than 100 mEq was 29 yg/24 
hours in L.B. (normal 3-15 »g/24 hours). 
Mean of 5 urinary aldosterone values in R.T. 
was 40 wg/24 hours. At operation an 8.4 g 
left adrenal adenoma in L.B. was removed 
and, in R.T., a 4.5 g right adrenal adenoma. 
Two months after excision serum electro- 
lytes were normal in both patients and blood 
pressure had fallen to 140/90 mm Hg in L.B. 
and 170/100 in R.T. 


Hypertension. Blood pressure, serum elec- 
trolytes and sorum-creatinine determinations 
are summarized !:n T2ble I. Blood volume 


* Supported in part by ‘a grant from Nat. Inst. for 
Arthritis and Metab. Dis., U.S.P.H.S. The authors 
also acknowledge support from the Research Com- 
mittee, Univ. of California School of Medicine. 

t Captain, U. S. Air Force (MC). The views ex- 
pressed are solely those of the authors and in no 
way reflect official policy. 

+ Special Postgraduate Research Fellow, USPHS. 


and urinary aldosterone were determined 
while sodium intake was in excess of 100 
mEq/24 hours. The selected patients had 
no evidence of congestive failure, edema, or 
propensity to retain sodium with salt loads. 
Patient J.M. is of particular interest since 
during our observation she developed malig- 
nant hypertension with papilledema and sub- 
sequently died of bacterial pneumonia. The 
adrenal glands were normal at postmortem 
examination. Patient M.S. also had malig- 
nant hypertension, which did not respond to 
antihypertensive medications. Postmortem 
study revealed normal adrenal glands and 
severe nephrosclerosis. 

Methods. Red cell volume was determined 
by a modification of the NaCr°4O* method 
of Sterling and Gray(2,3). Plasma volume 
in the cases of primary aldosteronism was 
measured directly with T-1824(4) or I! 
human serum albumin(5), thus allowing cal- 
culation of true whole blood volume and 
body hematocrit. Values for whole blood 
volume in the group of hypertensives (Table 
II) were calculated from red cell volume and 
venous hematocrits uncorrected for plasma 
trapping or for differences between the hema- 
tocrit of venous blood and that of the body 
as a whole. Extracellular fluid was deter- 
mined by volume of dilution (Inulin) (7). 
Normal values were predicted at 16.2% of 
body weight. Urinary aldosterone was meas- 
ured by the double isotope derivative tech- 
nic of Kliman and Peterson(8) after hy- 
drolysis at pH 1 for 24 hours at room temper- 
ature. Normal values with sodium intakes 
above 100 mEq/24 hours in this laboratory 
are 3-15 pg/24 hours. 

Results. Primary aldosteronism (Table 
II). Preoperative. In patients L.B. and 
R.T., respectively, a marked expansion of 
extracellular fluid of 58% and 57%, total 
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ALDOSTERONE IN HyPERTENSION 
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blood volume 45% and 29%, and plasma 
volume 75% and 48% above predicted nor- 
mal but with low hematocrits were noted. 
Serum albumin concentration was 3.7 g/100 
ml in L.B. and 4.4 g/100 ml in R.T. Red 
cell volumes in both patients were normal. 
Postoperative. Eight weeks after operation 
all these measurements had been restored to 
normal in R.T. In L.B., the restoration was 
toward normal; total blood volume was but 
11% above normal. Postoperative serum al- 
bumin concentration was 3.6 g/100 ml in 
L.B. and 4.6 in R.T. Hypertensive patients 
(Table 1). Similar measurements performed 
in 4 patients with essential and in one with 
malignant hypertension revealed normal-to- 
decreased total blood volumes. Red cell vol- 
ume was decreased 51-87% of predicted nor- 
mal values. However, urinary aldosterone 
levels had increased to 28.6 (M.S.) and 36.0 
(J.M.) in the patients with malignant hyper- 
tension, while still normal in the group with 
essential hypertension (3.1 to 13.0 pg/24 
hours). 

Discussion. In the 2 cases of primary al- 
dosteronism it appears that the expanded 
plasma volume is a consequence of an in- 
crease in extracellular fluid produced by 
chronic secretion of excessive aldosterone 
similar to that seen after continued adminis- 
tration of desoxycorticosterone acetate(9) or 
aldosterone(10). Red cell volume was _ nor- 
mal, and the plasma expansion was thus re- 
vealed by the low hematocrit in both cases. 
Serum albumin concentration in both pa- 
tients was normal and remained unchanged 
after removal of the adenomas. Colloid os- 
motic pressure was strikingly unaltered ir- 
respective of changes in aldosterone secre- 
tion. Complete restoration of total blood 
volume, plasma volume and _ extracellular 
fluid without changes in red cell volume oc- 
curred in R.T. 2 months after operation. In 
L.B., total blood volume approached normal 
values with a 46% fall in plasma volume. 
Significant anemia resulting from blood loss 
at operation may have contributed, in part, 
to the still expanded plasma volume. 


In contrast, total blood volume and _uri- 
nary aldosterone levels in 4 cases of severe 
essential hypertension were normal or even 
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depressed. Total blood volume and extracel- 
lular fluid have been found previously to be 
normal in hypertension(11,12). Grollman 
(13) observed increases in extracellular fluid 
but normal plasma volumes in hypertension. 
Urinary aldosterone assays in essential hy- 
pertension have been found normal(14). 
Only in malignant hypertension has increased 
aldosterone secretion been clearly established 
(15). In one case of transition from essen- 
tial to malignant hypertension without oc- 
currence of heart failure, urinary aldosterone 
increased greatly without associated increases 
in blood volume or changes in plasma elec- 
trolytes. The adrenals were not enlarged at 
the time of postmortem examination. The 
blood volume in the second case of malig- 
nant hypertension was not determined, but 
urinary aldosterone was increased and there 
was no indication of hypervolemia, as re- 
flected by a normal hematocrit without serial 
change and the absence of congestive heart 
failure. 


Thus the demonstration of an expanded 
plasma volume, which may be indicated by a 
low hematocrit in a hypertensive patient with 
hypernatremia and hypokalemia, suggests 
primary aldosteronism. The hypertensive 
patients studied also showed a slight decrease 
in hematocrit, which reflected a true red cell 
volume deficit and not an expanded plasma 
volume, as seen in the 2 cases of primary al- 
dosteronism. The differentiation of primary 
aldosteronism from malignant hypertension 
might be clarified further by a normal blood 
volume. 


Summary. Two cases of primary aldoster- 
onism were demonstrated to have expanded 
extracellular fluid, total blood volume, and 
plasma volume, with restoration toward nor- 
mal after removal of adrenocortical adeno- 
mas. Red cell volumes were normal in both. 
No increase in urinary aldosterone was ob- 
served in 5 patients with essential hyperten- 
sion. Blood volume was normal or slightly 
decreased. Increased urinary aldosterone 
without hypervolemia was observed in 2 pa- 
tients with malignant hypertension. Thus 
increased total blood volume in hypertensive 
patients, due solely to plasma volume and 
anemia (low hematocrit), should prove a 
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useful addition to the diagnostic screen for 
primary aldosteronism. 
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Activation of Tremorine by Liver.*! (26737) 


R. M. WEtcH AND J. J. Kocsis 


(Introduced by J. M. Coon) 


Department of Pharmacology, Jefferson Medical College, Philadelphia, Pa. 


Tremorine (1,4-dipyrollidino-2-butyne) 
was reported by Everett(1) to produce sus- 
tained tremors and _ parasympathetic-like 
stimulation in several species of laboratory 
animals. Since it elicits tremors and other 
parkinsonian-like signs, Tremorine has been 
used in routine screening for potential anti- 
parkisonian drugs. The report(2) that an 
hour elapses before the cat shows typical 
drug effects after administration of Tremor- 
ine (10-20 mg/kg) suggested that Tremor- 
ine may have to be biotransformed before it 
becomes pharmacologically active. Evidence 
presented here indicates that the liver con- 
verts Tremorine to an active form which has 
pharmacologic properties differing from those 
of the original product. 

Materials and methods. Young adult male 
Swiss-Webster mice, hamsters weighing 100- 
150 g, 2-3 kg cats and 5-10 kg dogs were 
used. Tremorine dihydrochloride! was dis- 


* Supported by N. I. H., research grant. 

+ Preliminary report presented before Am. Soc. 
Pharmacol. and Exp. Therap., Aug. 22-25, 1960, 
Seattle, Wash. 


solved in pH 7.4 Krebs-phosphate buffer (2 
mg/ml) prior to incubation with liver. Ho- 
mogenates and tissue slices totaling 2-4 g wet 
weight from the livers of mice, hamsters, or 
rats were incubated at 37°C for 2 hours in a 
shaking incubator with 12 ml of buffered 
Tremorine solution in 250 ml flasks (Oy gas 
phase). After incubation filtrates of the so- 
lution were injected into animals in doses 
expressed as equivalents of Tremorine pres- 
ent before incubation. 

Time of onset of tremors was measured 
from injection to time of head and limb trem- 
ors of a fully developed intensity as judged 
by a single observer throughout the study. 
Five or more mice per group were used in 
each experiment, except as noted. 

Results. Tremorine incubated with mouse 
liver slices produced tremors within 5 sec 
after intravenous injection into mice, where- 
as non-incubated Tremorine required more 
than 15 min to produce effects (Table I). It 


¢ Kindly donated by Dr. Guy M. Everett, Abbott 
Laboratories and by Dr. T. Lamar Kerley, Pitman- 
Moore Co. 
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TABLE I. Effect of Incubation of Tremorine with Liver Slices and Route of Injectidn on Time 


of Onset of Tremors in Mice. 
neste ee ae ee eee 
EE 


SKF-525A* 
pretreatment, | Tremorine No. of Onset of tremors 
Conditions of incubation mg/kg inj. routet animals =". 
Not incubated 0 Intraper. 12 Oro 220 min 
Idem 0 Intrav. 15 16.3 + 3.0 © 

a 0 Subeut. 6 20.2+41 ” 

v 25 Intrav. 6 None in 5 hr 
TIneubated without drug 0 se 6 No effects 
Incubated with drug 25 is 25 Within 5 see. 
Idem 0 “a 6 Idem 


* Injected intraper. 1 hr before Tremorine. 


+ Injected dose equivalent to 20 mg/kg Tremorine dihydrochloride. 


was further noted that intraperitoneal admin- 
istration of non-incubated Tremorine pro- 
duced tremors sooner than intravenous or 
subcutaneous administration (Table I), sug- 
gesting that the liver activates the drug more 
rapidly after intraperitoneal injection. More 
rapid and shorter-lasting effects (1% hr dur- 
ation) were produced by 5 mg/kg of the ac- 
tivated product than by 20 mg/kg of non-in- 
cubated Tremorine (3-4 hr duration), al- 
though the 2 products evoked similar effects 
of approximately equal intensity. In 3 cats 
activated Tremorine produced vomiting, sali- 
vation, agitation, and hissing beginning 5 
min following intraperitoneal injection of a 
dose equivalent to 8 mg/kg. Non-activated 
Tremorine preparations did not begin to pro- 
duce these effects for 15-30 min following 
doses of 5 and 10 mg/kg, as seen in 4 cats. 

SKF-525A_ (diethylaminoethyldiphenylpro- 
pylacetate), an inhibitor of liver microsomal 
activity(3), given to mice in a dose of 25 
mg/kg 30 min prior to Tremorine (20 mg/ 
kg) completely prevented the onset of trem- 
ors. Unlike atropine(4) SKF-525A did not 
abolish tremors already established. Liver- 
activated Tremorine, however, produced 
tremors within 5 sec following intravenous 
administration, whether or not the mice were 
pretreated with SKF-525A (Table I). Con- 
trol solutions in which liver was incubated 
without Tremorine produced no effects in 
mice. 

Two other reported inhibitors of liver mi- 
crosomal activity(5) were also tested in doses 
of 25 mg/kg, as prophylactic agents against 
Tremorine in mice. Lilly 18947 (2,6-di- 
chloro-6-phenylphenoxyethyldiethylamine hy- 


drobromide) prevented the onset of tremors, 
but iproniazid did not. Four antihistamines 
(diphenhydramine, tripelennamine, — pyrila- 
mine, doxylamine) structurally related to 
SKF-525A did not prevent tremor develop- 
ment in mice when given at 25 mg/kg one 
hour prior to 20 mg/kg of Tremorine. 

Although SKF-525A in doses of 25 mg/kg 
or higher, did not completely block the effects 
of large doses of Tremorine (80 mg/kg) in 
mice, the tremors and other signs were de- 
layed in onset. SKF-525A also delayed the 
onset of tremors in rats given 10 mg/kg Tre- 
morine. 

The effect of Tremorine and its activated 
product on blood pressure was studied in 5 
dogs anesthetized with pentobarbital. In- 
travenous injection of 100 pg/kg of the ac- 
tivated product produced bradycardia and 
an immediate fall in blood pressure of ap- 
proximately 65 mm Hg, which was restored 
to control level within 65 sec after injection. 
Doses of the activated product as small as 
1 uwg/kg produced a significant fall in blood 
pressure of 8-10 mm Hg. Atropine (0.5 mg/ 
kg) abolished these responses. Non-incu- 
bated Tremorine in doses up to 1 mg/kg had 
no observable effect on blood pressure and 
at 5 mg/kg the immediate effect varied from 
none to a slight fall of 5-10 mm Hg, although 
a gradual decline of approximately 50 mm 
Hg occurred over a period of about 1% 
hours. This depressed blood pressure re- 
turned to normal after atropine (0.5 mg/kg). 

Diarrhea is recognized as a common sign 
of the widespread cholinergic effects pro- 
duced by Tremorine. Tremorine, however, 
in a concentration of 3.5 & 10°M had no 
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effect on the activity, as recorded kymo- 
graphically, of strips of rabbit intestine sus- 
pended in Tyrode’s solution, and at a level 
of 7 X 10°M even slightly depressed it. By 
contrast, activated Tremorine at a concen- 
tration equivalent to 3.5 & 10°M produced 
a marked stimulation of the rabbit intestinal 
strip, an effect antagonized by atropine 
(1:10,000,000). Interestingly, the activity 
of intestinal strips stimulated by activated 
Tremorine (3.5  10°M) or acetylcholine 
(1:10,000,000) returned immediately to a 
normal pendular movement when non-incu- 
bated Tremorine (1.4 * 10+*M) was added. 

Rat and hamster liver homogenates and 
hamster liver slices incubated with Tremor- 
ine also activated Tremorine, since filtrates 
from these preparations consistently pro- 
duced typical symptoms within 5 sec in 20 
mice injected intravenously with doses equi- 
valent to 20 mg/kg of Tremorine. Urine was 
expressed from the bladders of 30 mice for 
3 hr starting 15 min after they received 20 
mg/kg of Tremorine. This urine, diluted 
with an equal volume of saline and injected 
intravenously into 8 mice in a dose of 0.1 
ml, produced immediate signs of Tremorine 
poisoning of an intensity similar to that seen 
in the mice from which the urine was col- 
lected, but of shorter duration. Normal 
urine, similarly tested, had no effect. 

The incubates of Tremorine with liver 
slices from hamsters, rats and mice, as well 
as urine from Tremorine-treated rats and 
mice were extracted with chloroform after 
adjusting to pH 11. The oily residue re- 
maining after evaporating the combined ex- 
tracts to dryness was dissolved in 0.01 N 
HCl, and tested for activity in normal and 
SKF-525A-treated (25 mg/kg) mice, on the 
blood pressure of 4 dogs anesthetized with 
pentobarbital and on the isolated rabbit in- 
testine. It was found that 3 mg/kg of any 
of these residues when injected into mice in- 
travenously immediately produced severe 
symptoms characteristic of Tremorine. Lower 
doses produced effects of variable duration 
and intensity, the residues from urine ap- 
pearing tc be more potent than those from 
liver slices. 

The extracts from the various liver prepa- 
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rations also produced an immediate transient 
fall in the blood pressure of anesthetized 
dogs, ranging from 45 to 70 mm Hg when 
100 pg/kg of any residue was injected intra- 
venously, the response apparently varying 
with the efficiency of activation in different 
incubates. Extracts from the urine of Tre- 
morine-treated rats and mice were more po- 
tent in depressing blood pressure, a fall of 
approximately 65 mm Hg resulting from 50 
pg/kg. 

Extracts of urine from Tremorine-treated 
rats and mice as well as Tremorine liver slice 
incubates from hamsters, rats and mice all 
produced a sustained tonic contraction of the 
isolated rabbit intestine when added to the 
bath to give a final concentration of 1 pg/ 
ml in case of urine extract and a concentra- 
tion equivalent to 3.5 *& 10°M Tremorine 
in case of the liver incubates. Control liver 
incubates and extract residues produced no 
effect in mice, on blood pressure of dogs, or 
on the isolated intestine of rabbits. 

Discussion. The above data indicate that 
the liver converts administered Tremorine to 
an active form having pharmacologic prop- 
erties that sharply distinguish it from its 
original form. The effects of activated Tre- 
morine in stimulating rabbit gut i” vitro and 
in momentarily depressing blood pressure of 
the anesthetized dog are consistent with the 
diarrhea, bradycardia, prolonged depression 
of blood pressure and other cholinergic ef- 
fects seen in the fully developed picture of 
Tremorine’s action. Before it is activated, 
however, Tremorine does not stimulate the 
isolated rabbit gut, and it lowers the dog 
blood pressure only after an appreciable lat- 
ent period. The rapidity with which acti- 
vated Tremorine acts suggests that the char- 
acteristic delay in onset of action of Tremor- 
ine in most animals is the time required for 
the liver to activate it. Since Tremorine is 
presumably activated continuously as long 
as it persists in the body, it would be ex- 
pected that the effects of administered Tre- 
morine should last longer than those pro- 
duced by single acute doses of the active 
form. Thus, the prolonged depression of 
blood pressure gradually induced by Tremor- 
ine over a period of 90 min is markedly dif- 
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ferent from the sharp evanescent fall in blood 
pressure produced by intravenous injection of 
activated Tremorine. 

The fact that SKF-525A, an inhibitor of 
liver microsomal activity, blocks Tremorine 
but does not block activated Tremorine 
serves as a basis for determining the presence 
of the active form. It points, furthermore, 
to the liver microsomes as the site of the ac- 
tivation process. 

Although the pharmacologic properties of 
activated Tremorine -from different sources 
(urine of Tremorine-treated mice and rats, 
and incubates of Tremorine with prepara- 
tions of liver from different species) are simi- 
lar, it is clear that their chemical identity 
has not been established. Studies to deter- 
mine the chemical nature of activated Tre- 
morine are in progress. 

Summary. Mouse liver slices converted 
Tremorine to an active form which differed 
from non-incubated Tremorine preparations 
(a) by its faster onset of action in untreated 
mice and cats, (b) by not being blocked by 
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SKF-525A  (diethylaminodiphenylpropylace- 
tate), an inhibitor of liver microsomal activ- 
ity, (c) by stimulating rabbit gut im vitro 
and (d) by producing an immediate slowing 
of the heart and fall in blood pressure on in- 
travenous injection into anesthetized dogs. 
Material having the biological properties of 
activated Tremorine was also found in the 
urine of rats and mice given Tremorine and 
in solutions of Tremorine incubated with 
hamster liver slices and with hamster and 
rat liver homogenates. 
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Tissue and Serum Manganese Levels in Evaluation of Heart Muscle 


Damage. A Comparison with SGOT. 
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University of Southern California School of Medicine and Los Angeles County Hospital, Los Angeles 


The normal myocardium contains about 
1800 pg of manganese per 100 g of dried tis- 
sue; this is roughly 2,000 times the mangan- 
ese concentration present in the blood serum. 
Myocardial injury results in a sharp decrease 
in tissue manganese associated with a pro- 
portional rise in serum manganese content. 
Following myocardial infarction tissue man- 
ganese decreases to approximately 30% of 
its original value. Concomitantly, serum 


manganese imcreases approximately 2% 
times. Thus, after infarction human serum 


contains more than 2.0 wg manganese per 100 
ml, whereas prior to infarction, serum man- 
ganese content is about 1.0 ug manganese per 
100 ml. 

Because tissue manganese is lost very rap- 
idly from the infarcted myocardium follow- 


ing cardiac injury, and a reciprocal rise in 
manganese concentration is observed in the 
serum, determination of serum manganese 
level should be of great value in detection of 
myocardial injury and, in equivocal cases, in 
confirmation of acute myocardial damage. 
In a study at Los Angeles County Hospi- 
tal, serial measures of serum manganese lev- 
els in 26 patients with unequivocal evidence 
of myocardial infarction were compared with 
serum samples from 25 patients of compar- 
able age, sex and race admitted to the hos- 
pital with complaints other than myocardial 
injury. This report correlates clinical find- 
ings in our patients with serum manganese 
levels, as determined — spectrographically 
from 80 blood samples taken from the pa- 
tients with acute myocardial infarction, and 
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FIG. 1. Serum manganese level in myocardial in- 
farction. 

FIG. 2. Serum glutamic oxalacetic transaminase 
(SGOT) in myocardial infarction. 

FIG. 3. Serum manganese level in conditions 
other than myocardial infarction. Barred columns 
indicate cases‘in which SGOT was elevated, giving 
false-positive results. 


38 samples from the control patients. 

In our patients the first sample of blood 
serum is received within 12 to 48 hours after 
onset of acute myocardial infarction. Sam- 
ples also are obtained on the third and fifth 
day of the acute episode and, in a few in- 
stances, an additional sample is collected on 
the seventh day. 

Blood samples are refrigerated until sub- 
jected to spectrographic analysis. Serum is 


separated from red blood cells before refrig- 
eration to prevent gross hemolysis. 

Within 8 to 12 hours following myocardial 
injury, manganese level rises; a maximum is 
reached within 24 to 48 hours. Serum man- 
ganese level remains elevated for 5 or 6 days, 
after which manganese level gradually falls 
to normal. Height and duration of serum 
manganese elevation are roughly proportional 
to amount of myocardial necrosis as _ esti- 
mated on the basis of ECG evidence.  Al- 
though a close correlation exists between 
serum manganese level and SGOT value, 
serum manganese concentration is far less 
likely to give false positive values. 

Fig. 1 depicts serum manganese values ob- 
tained in 26 patients with myocardial infarc- 
tion. The shaded portion outlines the range 
of values. Solid dots represent actual values 
obtained; larger circles connected by broken 
lines indicate average values. In all in- 
stances but one, serum manganese level rose 
to above 2.0 »g/100 ml within 48 hours after 
onset of chest pain. 

Secondary elevations in serum manganese 
level, noted in several instances following re- 
current chest pain, apparently indicated ex- 
tension of an existing infarction or develop- 
ment of a fresh infarction. 

Determinations of SGOT values obtained 
simultaneously with our serum manganese 
values are depicted in Fig. 2. Note the si- 
milarity of ranges of values in the 2 mea- 
sures; the averages, too, are rather similar 
in nature; however, myocardial injury is de- 
tected earlier in determinations of serum 
manganese, with the level rising indicatively 
within 8 hours of onset of pain, and remain- 
ing at elevated levels for longer periods than 
the serum GOT. 

In 24 of the 25 patients in our control se- 
ries, serum manganese levels were well below 
1.9 pg/100 ml. Simultaneously determined 
SGOT levels in 3 of these patients were ele- 
vated and suggestive of myocardial injury; 
however, the low serum manganese levels in 
the 3 patients afford definite evidence that 
acute myocardial injury had not occurred. 

Fig. 3 depicts the height of serum man- 
ganese in the 25 control patients in our se- 
ries. The barred columns represent 3 pa- 
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TABLE I. Comparison of Tissue* and Serum Metal Concentrationst of Patients with and 
without Myocardial Infarction. 


Cee eee ——————————e 
Tissue metal cone. in mg/100 g dried tissue Serum metal cone. in wg/100 ml 


Acute M.I. Without M.I. Acute M.I. Without M.T. 
(33 determinations) (100 determinations) (38 determinations) (80 determinations ) 


Metal Mean value + §.E. Mean value + 8.E. Mean value Mean value 
Aluminum 1.770 + ..009 Bei) Se SAayl 4.30 3.70 
Caleium 29.336 + 6.451 44.800 + 5.390 101,000.00 99,000.00 
Manganese 072 + .007 180 + .011 2.42 1.01 


* Tissues obtained at autopsy. 


tients (Nos. 5, 13, and 21) with infectious 
hepatitis, hepatoma and cholecystitis, respec- 
tively, whose SGOT level was above 40 units 
and therefore consistent with myocardial in- 
jury. Low serum manganese levels in these 
patients definitely exclude the possibility of 
acute myocardial injury. 

In the 25th patient in our control series, 
serum manganese concentration was 3.2 pg/ 
100 ml on the first postoperative day, within 
the range usually indicative of myocardial in- 
farction. This patient had undergone lapa- 
rotomy, gastrostomy, and had had a liver 
biopsy the previous day. Apparently, fol- 
lowing extensive major surgery, elevation in 
serum manganese concentration may mimic 
levels occurring after myocardial injury. 
Therefore, although a manganese level within 
normal limits definitely precludes the pres- 
ence of acute myocardial injury, an elevated 
manganese level in the postoperative patient 
cannot be accepted as evidence of acute heart 
muscle injury. 

In Table I, tissue aluminum, calcium, and 
manganese values obtained postmortem from 
“normal” patients (i.e., without known car- 
diovascular disease) and patients with myo- 
cardial infarction are compared with serum 
concentrations of “normal” patients and pa- 
tients with fresh myocardial infarcts. Note 
that concentration of all metals is lowered in 
tissues of the patient with myocardial in- 
farction, and a reciprocal rise is observed in 
blood serum. However, the alterations in 
manganese are much more pronounced both 
in tissue and serum. 

In addition to blood samples from patients 
with myocardial infarction and control se- 
ries, serum samples from 3 patients with old 
myocardial infarcts, 4 patients with angina 


t Mean values. 


pectoris or coronary insufficiency, and 4 pa- 
tients with pulmonary infarction were sub- 
jected to spectrographic analysis. 

Angina Pectoris, Coronary Insufficiency, 
or Slight Myocardial Damage. Ordinarily, 
angina pectoris does not cause an elevation 
in serum manganese level. Nevertheless, in 
our series, 2 patients whose ECGs were not 
suggestive of acute myocardial infarction had 
elevations of serum manganese. The first of 
these patients had suffered a myocardial in- 
farction 10 years previously. At hospitaliza- 
tion, she complained of severe chest pain of 
5 days’ duration. An SGOT value of 65 units 
was obtained at this time; her serum man- 
ganese value was 2.5 pg/100 ml. An SGOT 
determination on the second day of hospi- 
talization, the sixth day of chest pain, was 
113 units, which was accepted as definite evi- 
dence that a transmural myocardial infarc- 
tion had occurred, and treatment for acute 
myocardial infarction was instituted despite 
lack of corroborative ECG evidence. 

The second patient had for 12 years had 
angina pectoris relieved by nitroglycerin. 
She was admitted to the hospital because of 
crushing chest pain which radiated down the 
left arm and was not relieved by nitro- 
glycerin. Although ECG confirmation of 
acute myocardial infarction was absent, the 
patient was treated for acute myocardial in- 
farction. The SGOT value rose gradually 
until, on the fourth hospital day, it reached 
60 units. A serum manganese determination 
also obtained on the fourth day showed 2.2 
wg manganese per 100 ml. By the fifth day, 
serum manganese value had dropped to 1.5 
ug/100 ml. Both erythrocyte sedimentation 
rate and white blood count were elevated. 

Old myocardial infarctions. One patient 
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had suffered myocardial infarction 4 months 
previously. Although she complained of 
chest pain, her ECG showed no indication 
of acute infarction and her SGOT value was 
58 units. Serum manganese determinations 
upon 3 separate occasions during her hos- 
pitalization all showed less than 1.5 pg of 
manganese per 100 ml of serum, suggesting 
absence of myocardial infarction. 


Pulmonary infarction. Serum manganese 
levels of 3 of the 4 patients with pulmonary 
infarction were within normal limits. <A se- 
rum manganese level compatible with myo- 
cardial infarction occurred in one patient, a 
45-year-old man who complained of severe 
chest pain which radiated to the neck and 
left shoulder. This patient, who had suffered 
a transmural myocardial infarction 18 
months previously, entered the hospital with 
pulmonary edema. An ECG taken at time 
of hospital entry was indicative of acute cor- 
pulmonale with severe right atrial and right 
ventricular hypertrophy. Serial determina- 
tions of SGOT and serum manganese are 
available for this patient: Blood specimens 
drawn on the first day showed an SGOT 
value of 4400 units and a serum manganese 
value of 3.5 pg/100 ml. On the second day 
of hospitalization, serum manganese level 
was 4.5 »g/100 ml. SGOT levels obtained 
on third and fourth day of hospitalization 
yielded values of 4400 and 2250 units, re- 
spectively. On the sixth day of hospitaliza- 
tion, SGOT concentration was 335 units. At 
autopsy the patient was found to have suf- 
fered massive pulmonary infarction. 

We have found the serum aluminum value 
useful in differential diagnosis of pulmonary 
infarction and myocardial infarction. Fol- 
lowing pulmonary infarction, the tissue alu- 


ite 


minum value of the lung is lowered, and a 
4-fold increase occurs in serum aluminum 
value. A comparably elevated serum alu- 
minum value has not been noted in any con- 
dition other than pulmonary infarction. Ad- 
ditional information furnished by the serum 
aluminum value corroborates the diagnosis 
in pulmonary infarction and helps to differ- 
entiate between pulmonary and myocardial 
infarction. From our limited evidence it ap- 
pears that a very high serum manganese 
value, above that ordinarily occurring in 
acute myocardial infarction, may indicate 
presence of massive pulmonary infarction, 
and serum aluminum value should be used 
as a check. 

Summary. Whereas, in our series, serum 
manganese values in patients with congenital, 
infectious, degenerative, or neoplastic disease 
were below 1.9 »g/100 ml of serum, serum 
manganese was elevated above 2.0 pg follow- 
ing acute myocardial infarction in every in- 
stance. Massive pulmonary infarction, which 
also may be accompanied by high serum man- 
ganese levels, can be differentiated from myo- 
cardial infarction by additional information 
supplied by serum aluminum values, which 
are elevated following pulmonary injury but 
not following myocardial damage. In pa- 
tients with myocardial infarction, height of 
the serum manganese level provides an in- 
dex to extent and severity of cardiac dam- 
age as estimated on the basis of SGOT level 
and the ECG. Although a close correlation 
exists between SGOT and serum manganese 
values, our data indicate that serum man- 
ganese concentrations are less likely to yield 
false positive indications of myocardial dam- 
age. 
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Metabolism of Adenosine by the Isolated Anoxic Cat Heart.* 
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Mirram I. JAcopt AND Rospert M. BERNE 
Department of Physiology, Western Reserve University School of Medicine, Cleveland, Ohio 


In extracts of heart muscle the most active 
pathway of nucleotide synthesis is via direct 
phosphorylation of adenosine(1). In  sup- 
port of these observations, experiments on 
the isolated intact perfused cat heart have 
demonstrated a rapid incorporation of la- 
belled adenosine into cardiac nucleotides in 
the presence of oxygen(2). The present study 
indicates that adenosine 8-C'™ is also incor- 
porated into myocardial nucleotides in the 
absence of oxygen. 

Methods. Cat hearts were isolated and 
perfused with Tyrode’s solution as described 
previously(2) and aerobic control collections 
of 200 ml of perfusate were made. The 
hearts were then perfused with Tyrode’s so- 
lution equilibrated with a gas mixture of 95% 
nitrogen and 5% carbon dioxide for about 2 
minutes before adenosine 8-C™ was added to 
the perfusion fluid. Adenosine was added in 
concentrations of 3.8 «K 10? to 4.2 « 10? 
uM per ml, and the hearts were perfused 
with 200 ml of the solution. After a single 
passage through the heart the perfusates were 
collected in flasks immersed in ice. 

The neutralized perchloric acid extracts of 
the hearts were analyzed for nucleic acid de- 
rivatives by a modification of the method of 
Cohn and Carter(3). The nucleotides were 
adsorbed on Dowex-1! resin, the columns were 
washed with 0.1 M ammonium chloride in 
0.1 M ammonium hydroxide, and the nucleo- 
tides were eluted with 0.1 N_ hydrochloric 
acid in one fraction. The counts per min- 
ute in wash and eluate were determined. Nu- 
cleotide derivatives recovered in the perfu- 
sates were separated by paper chromato- 
graphy, assayed enzymatically and counted. 


* This research supported, in part, by Research 
Grants from Nat. Heart Inst., and from Life Insur- 
ance Medical Research Fund. 

+ This work was carried out during the tenure of 
a Cleveland Area Heart Society Research Fellow- 
ship. Present address: Dept. of Biochemistry, Col- 
lege of Physicians and Surgeons, Columbia Universi- 
LY: 


Details of the analytical procedures have 
been previously described(2). 

Results. Perfusion of the cat heart with 
deoxygenated Tyrode’s solution containing 
adenosine 8-C!* resulted in extensive conver- 
sion of the adenosine to myocardial adenine 
nucleotides during a single passage of the so- 
lution through the heart (Table I). In Ex- 
periment 1, 44% of the recovered counts 
were found in the acid soluble supernatant 
of the heart homogenate, whereas in Exp. 2 
and 3 (Table I) about 54% of the recovered 
counts were present in this fraction. The 
balance of the recovered counts were present 
in the perfusates. A loss of 16-23% of the 
total counts occurred during the experimental 
procedures (Table I), and a maximum of 
2% of the counts in the heart homogenates 
were found in the non-nucleotide eluates 
from the columns. 

Characterization of the nucleotides in the 
0.1 N hydrochloric acid column eluates by 
paper chromatography indicated that the 
greatest amounts of radioactivity, determined 
with a paper strip counter, were in the ATP, 
ADP, and AMP regions. Further character- 
ization of the nucleotides in the 0.1 N_ hy- 
drochloric acid eluates by paper chromato- 
graphy of their acid hydrolysis products in- 
dicated that at least 85 to 90% of the radio- 
activity was in the adenine region. A small 
peak was observed in the ITP region of one 
of the hydrochloric acid column eluates. 
Some activity was also observed at the sol- 
vent front, suggesting the presence of ade- 
nine. 

Analysis of the perfusates revealed the 
presence of most of the radioactivity in the 
inosine and hypoxanthine regions of paper 
chromatograms in all 3 experiments. A small 
radioactive peak was seen in the adenosine 
region in Exp. 3, and a small peak was also 
observed at the origin in this experiment, al- 
though no ultraviolet absorbing spot was vis- 
ible. 

It was previously observed(2) that enzy- 
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TABLE I. Distribution of Perfused Adenosine 8-C' between Myoeardium and Perfusate. 
eeee—eo—<$<S—owaowqsqrqruaxoaoOnnnnnnnnaoO0)0ao0RaSS eee” i oe 


Adenosine 8-C' 


perfused CPM recovered % of CPM 
Exp. No. CPM uM Perfusate Heart recovered Heart wt, g 
1 186,000 84 88,000 68,000 84 a8 
2 182,000 oll Tt 64,000 77,000 7 18.4 
3 176,000 .76 69,000 76,000 82 959 


matic assay detected no striking differences 
between amounts of inosine and hypoxan- 
thine recovered during control and experi- 
mental periods when low concentrations of 
adenosine were perfused in the presence of 
oxygen. Similarly, no difference was ob- 
served in amounts of inosine and hypoxan- 
thine recovered during the period of anoxia 
when adenosine was perfused. However, it 
should be emphasized that prolonged perfu- 
sion of anoxic Tyrode’s solution (by recircu- 
lation) does produce significant increases in 
amount of inosine and hypoxanthine recov- 
ered in the perfusates compared to amount 
in oxygenated control perfusates. In Exp. 
1 the perfusate contained a larger part of 
the radioactivity than the myocardium, in 
contrast to Exps. 2 and 3 (Table I). The 
heart stopped beating for about one minute 
during the perfusion period in Exp. 1, in- 
dicating severe anoxia. In the other 2 experi- 
ments the rhythm became irregular for vary- 
ing periods of time but the heart beat was 
maintained. 

Anoxia or perfusion with adenosine (4 
10° »M/ml) produces coronary vasodila- 
tion. However, addition of adenosine to an- 
oxic Tyrode’s solution did not induce a 
greater coronary flow than that observed 
with anoxia alone. 

Discussion. The average incorporation of 
adenosine 8-C'™ into adenine nucleotides in 
the anoxic heart (51%) compares favorably 
with that observed when the adenosine is per- 
fused in oxygenated Tyrode’s solution 
(57%)(2). Since knowledge of the rate 


limiting step in incorporation of adenosine 
into cardiac nucleotides and the size and na- 
ture of precursor pools are not available in 
the present study, the reason for similar de- 
grees of incorporation in presence or absence 
of oxygen is not apparent. It is possible that 
in the non-working heart energy derived 
from glycolysis is sufficient to maintain to- 
tle cardiac adenine nucleotides at normal 
levels and perhaps even maintain normal ra- 
tios of ATP, ADP, and AMP. The glucose 
present in the perfusion medium would be 
made more readily available under the con- 
ditions of the experiments since anoxia en- 
hances glucose transport across the myocar- 
dial cell membrane and rate of phosphoryla- 
tion in the isolated heart(4). The extent 
and rapidity of incorporation of the labelled 
adenosine into adenine nucleotides suggest 
active synthesis or turnover of myocardial 
nucleotides. 

Summary. The anoxic isolated perfused 
cat heart incorporates approximately 50% 
of labelled adenosine into myocardial nucleo- 
tides with one passage of the adenosine-en- 
riched perfusion fluid through the heart. 


1. Goldthwait, D. W., J. Clin. Invest., 1957, v36, 
USA. 

2. Jacob, M. I., Berne, R. M., Am. J. Physiol., 
1960, v198, 322. 

3. Cohn, W. E., Carter, C. E., J. Am. Chem. Soc., 
1950, v72, 4273. 

4. Morgan, H. E., Henderson, M. J., Regen, D. M., 
Park, C. R., J: Biol. Chem., 1961, v236, 253. 
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Incorporation of P®? into Phosphatido-Peptide Fraction of Normal and 
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(Introduced by Perry Morgan) 
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In 1959, Huggins and Cohn(1) reported 
studies on a phosphatido-peptide fraction 
from renal cortical tissue which was found 
to contain inositol, phosphorus, fatty acids, 
glycerol and amino acids presumably in pep- 
tide linkage. They also reported that this 
fraction exhibited a higher turnover rate in 
renal tissue when compared with phospho- 
lipid as measured by P**. Distribution 
studies revealed that phosphatido-peptide 
was present in all normal tissues as well as 
in Ehrlich ascites tumor cells. These obser- 
vations led us to compare the metabolism of 
P®? in phosphatido-peptide and other phos- 
phorus-containing fractions between normal 
and tumor tissue. Consequently, the turn- 
over rate of P** in these fractions was deter- 
mined zm vitro using normal epidermis, “nor- 
mal” epidermis from tumor-bearing mice and 
neoplastic epidermal tissue from mice. 

Materials and methods. Male adult 
C57Bl1/6 mice used in this study received 
laboratory chow and water ad libitum. The 
tumor, squamous cell carcinoma, was induced 
by topical painting with 20-methylcholan- 
threne to the dorsal unepilated interscapular 
skin daily for a period of 9 weeks as de- 
scribed previously(2). Histologically, the 
tumor showed the structure of an epidermoid 
carcinoma with occasional differentiation into 
spinous cells, keratinization and formation of 
epithelial pearls. Papillomas appeared with- 
in 9 weeks and squamous cell carcinoma 
about 12 weeks following the last application. 
Normal epidermis and “normal” epidermis 
from tumor bearing mice were obtained from 


* This work was supported in part by a grant 
from Nat. Cancer Inst., U.S.P.H.S. and by allocation 
of funds from an Institutional Am. Cancer Soc. 
Grant. One of us (V.E.S.) was the recipient of a 
predoctoral fellowship from U.S.P.HS. 

t Present address: Missouri State Sanatorium, Mt. 
Vernon, Mo. 


the ventral surface of the mouse. Epidermal 
cells were harvested by scraping the sheets 
of shaved skin which had been incubated pre- 
viously with 0.02% ethylenediamine tetrace- 
tic acid (EDTA) (3) for one hour at 0-4°C. 
Tumor cells were obtained after mincing the 
tumor mass with scissors and incubating with 
0.02% EDTA for one hour at 0-4°C. Ne- 
crotic areas were removed before mincing the 
tumor. Tissues were incubated in Yeast ex- 
tract-Eagle medium-Lactalbumin hydroly- 
sate-Peptone medium (YELP) (4) under aer- 
obic conditions at 37°C in Warburg vessels. 
Each ml of incubation medium contained ap- 
proximately 50 mg wet weight of tissue and 
10 »C of P8*. After 2 hours’ incubation, the 
tissue was separated into the different phos- 
phorus-containing fractions as described by 
Huggins and Cohn(1). The source of P* 
and methods for determination of its activity 
were reported previously(1). The phospha- 
tido-peptide content is expressed as pg P per 
unit dry weight and also per average cell be- 
cause the latter may be altered in the case 
of the 3 different types of tissues studied. 
Each experiment represents the pooled tis- 
sues, epidermis or tumor, from 6 mice. The 
data in Table I and Fig. 1 represent the av- 
erage of 4 experiments. 

Results. Table I compares total phos- 
phorus and P* incorporation into phospha- 
tido-peptide for normal epidermis, ‘normal’ 
epidermis from tumor-bearing mice and neo- 
plastic epidermal tissue. There was no ap- 
parent change in phosphatido-peptide phos- 
phorus content of the tissue tested, in con- 
trast to the marked stimulation of turnover 
of the phosphoryl radical as evidenced by the 
higher levels of specific activity both in neo- 
plastic tissue and “normal” epidermis from 
the tumor-bearing mice when compared with 
normal epidermis. 

Fig. 1 shows that not only is the specific 
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TABLE If. Incorporation of Me into Phosphatido-Peptides of Normal and Neoplastic Epidermis 
of Mouse Skin under In Vitro Conditions. 


See eee 
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Phosphatido-peptide content 


‘ Specific activity, 
Tissue ug P/100 mg dry wt yg P/eell X 107 epm/yug P 
Normal epidermis 16.5 3.9 56 
Epidermis from tumor-bearing mice 15 4.3 2511 
Neoplastic epidermis (squamous- 10 4.2 2460 


cell carcinoma) 


activity of the phosphatido-peptide phos- 
phorus elevated in neoplastic epidermis and 
“normal” epidermis from tumor-bearing ani- 
mals but also that these 2 tissues show a 
similar pattern for phospholipid, phospho- 
protein and nucleic acid fractions. Of spe- 
cial interest, the specific activity of the nu- 
cleic acid phosphorus is higher in the “nor- 
mal” epidermis from tumor-bearing mice 
after 2 hours of incubation than that found 
in the tumor. A similar pattern of incorpora- 
tion of P* in vivo was found in these 3 tis- 
sues; however, the differences between nor- 


(1 Normal Epidermis 
HB Normal Epidermis tumor-bearing mice 
Tumor-Squamous cell Carcinoma 
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SPECIFIC ACTIVITY (c.p.m./ug P) 


Phospho- Phosphatido- Phospho- Nucleic 
lipid peptide protein Acid 
FIG. 1. Incorporation of P* in vitro into phospho- 
lipid, phosphatido-peptide, phosphoprotein and nu- 
cleic acid fractions of normal epidermis, ‘‘normal’’ 
epidermis from tumor-bearing mice and neoplastic 
mouse epidermis. Specific activity is expressed as 
epm/pg P. Aerobie incubation was for 2 hr in a 
medium containing about 30 mg wet wt of tissue 
and 10 wC of P*/ml. 


mal epidermis and the other 2 tissues were 
not nearly so great. A more detailed report 
including studies on the nucleic acid, phos- 
pholipid and phosphoprotein fractions of 
these tissues is in preparation. 

Discussion. In an investigation of the 
comparative results of phospholipid turnover 
in normal epidermis and a transplantable 
squamous cell carcinoma, Costello e¢ al.(5) 
were not able to show a difference in specific 
activity of the 2 tissues im vivo using P*. 
However, total activity was shown to be 
higher in the tumor due to an elevated phos- 
pholipid phosphorus content. Since our data 
were obtained using tumor tissue that was in- 
duced by painting with 20-methylcholan- 
threne the data from the 2 studies are not 
strictly comparable. Yet the turnover rate 
of phosphorus in phosphatido-peptide was 
much greater in tumor tissue than the corre- 
sponding normal tissue. We believe the ef- 
fects reported are due to growing tumor since 
no effect was observed in mice painted with 
20-methylcholanthrene until after the ap- 
pearance of papillomas. In addition, there 
was no effect due to topical treatment with 
benzene, the solvent for 20-methylcholan- 
threne. These data indicated that a meta- 
bolic characteristic of neoplastic tissue can 
be demonstrated in histologically normal epi- 
dermis from animals with squamous cell car- 
cinoma. It is of interest that Clark e¢ al. 
(6) reported recently that premalignant and 
malignant lesions of the human vulva pre- 
ferentially take up P®?. 

Summary. Evidence was presented which 
demonstrates that the turnover of phosphorus 
in phosphatido-peptide is greater for neo- 
plastic epidermis than normal epidermis. 
Histologically “normal” epidermis obtained 
from mice bearing a squamous cell carcinoma 
induced with 20-methylcholanthrene had a 
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phosphorus turnover more closely resembling 
neoplastic than normal tissue. Further 
studies concerning the biochemical changes 
mentioned are in progress. 


1. Huggins, C. G., Cohn, D. V., J. Biol. Chem., 
1959, v234, 259. 

2. Hardin, C. A., Werder, A. A., Russell, G., Surg., 
1958, v44, 176. 

2. Lennett, E. H., Smith, N. J., Am. J. Hyg., 1957, 


Effect of Bile Acids on Serum Cholesterol in the Chick.*t 


Harpy M. Epwarps, JR. 


SERUM CHOLESTEROL IN THE CHICK 


v65, 210. 

4. Merchant, D. J., Kahn, R. H., Murphy, W. H., 
Jr., Handbook of Cell and Organ Culture, Burgess 
Publishing Co., Minneapolis, Minn., 1960, p173. 

5. Costello, D. J., Carruthers, C., Kann; M. D,, 
Simoes, R. L., Can. Res., 1947, v7, 642. 

6. Clark, D. G. C., Zumoff, B., Brunschwig, A., 
Hellman, L., Cancer, 1960, v13, 775. 


Received April 7, 1961. PS.E.B.M., 1961, v107. 


(26741) 


(Introduced by William L. Williams) 


Department of Poultry, University of Georgia, Athens, Ga. 


Recently Beher ef al.(1) and Howe et al. 
(2) have reported that several bile acids 
(hyodeoxycholic acid, chenodeoxycholic acid 
and lithocholic acid) counteract the hyper- 
cholesterolemic effect of cholic acid in mice 
and prevent cholesterol accumulation in the 
liver and carcass. Portman and Bruno(3) 
have reported similar findings with rats. Ex- 
perimental work on the effect of cholic acid 
or any other bile acids on serum cholesterol 
levels in chickens has not been carried out. 
Since the chicken is known to secrete quite 
different bile acids than the mouse and rat, 
it was desirable to investigate the effect of 
feeding various bile acids on serum choles- 
terol in chickens. 

Experimental. The experiment was con- 
ducted with day-old cross-bred cockerel chicks 
(Cornish male X White Plymouth Rock fe- 
male) obtained from a local hatchery. They 
were housed in electrically heated batteries 
with wire floors and were supplied feed and 
water ad libitum. They received the experi- 
mental diets for 3 weeks and were weighed 
at weekly intervals during this period. At 
termination of the growth phase of the ex- 
periment, blood samples were obtained by 
heart puncture and the serum separated for 
total cholesterol determination by the method 
of Schoenheimer and Sperry(4). The cholic 


* Journal Paper No. 170 of the College Experiment 
Station, Univ. of Georgia, College of Agric. 

t Supported in part by research grant from Nat. 
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acid, lithocholic acid and hyodeoxycholic acid 
used in the experiment were obtained from 
Nutritional Biochemicals Corp. These bile 
acids were added to the diet at the 0.2% level 
singularly and combinations of cholic and 
lithocholic acids, and cholic and hyodeoxy- 
cholic acids. The basal diet used was simi- 
lar to that used in earlier work(4), modified 
to contain 4.0% corn oil. All substitutions 
in the diet were made at the expense of fiber. 


Three groups of 8 chicks each were started 
on each of the dietary treatments. The re- 
sults were analyzed for statistical differences 
by the Multiple Range Test(5). 

Results. The effect of feeding the various 
bile acids on growth and serum cholesterol is 
shown in Table I. Addition of lithocholic 
acid to the basal diet caused a marked de- 
pression in growth rate. When cholic acid 
was added to the diet containing lithocholic 
acid this retardation in growth rate was re- 
versed. Addition of cholic acid, hyodeoxy- 
cholic acid or a combination of these 2 bile 
acids to the basal diet had no statistically 
significant effect on growth rate of cockerels. 
However, it should be noted that rate of 
growth was faster when both hyodeoxycholic 
acid and the combination of hyodeoxycholic 
acid and cholic acid were added to the basal 
diet. 

While lithocholic acid depressed growth, 
it caused an approximately 3-fold increase 
in serum cholesterol level of the cockerels. 
Addition of cholic acid to the diet containing 
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TABLE I. Effect of Bile Acids on Growth and 
Serum Cholesterol of Chicks. 


Supplements to 
basal diet 


Avgwt Cholesterol/100 
3.wk,g mlof serum, mg 


None 307 == 7 178 + 7 

-29% cholie acid Piss ff ASL SS Y/ 

” jithocholie acid 176 + 8 575 + 26 

” hyodeoxycholic acid 319 + 9 189 + 9 

” cholic acid + 2% 294 +11 298 +15 
lithocholie acid 

” eholie acid + 2% 330 + 9 169 + 7 


hyodeoxycholie acid 


Grouping of treatment results* 
Body wt TOE 204298 = 30 eal 9 330 
Serumchol. 169 178 181 189 298 575 


* Two values not underscored by the same line 
are significantly different (P <.05). 


lithocholic acid appears to have caused a 
reduction in this hypercholesteremic condi- 
tion. However, the serum cholesterol level 
was still approximately twice the normal 
value. Addition of cholic acid, hyodeoxy- 
cholic acid or a combination of the two did 
not affect serum cholesterol significantly as 
measured by the statistics applied. A small, 
non-significant drop in serum cholesterol was 
observed in chicks receiving the combination 
of cholic acid and hyodeoxycholic acid. 
Discussion. The results indicate in light 
of other studies that striking species differ- 
ences may be expected with respect to the 
effect on serum cholesterol when various bile 
acids are added to the diet. Howe et al.(2) 
found that lithocholic acid was very effective 
in lowering serum cholesterol in mice, while 
the results reported here with chickens are 
the reverse. It seems possible that this may 
be caused by ‘differences in the type of bile 
acids excreted by the 2 species. Haslewood 
and Wootton(6) reported finding only cholic 
acid in the mouse (Mus musculus), while 
Japanese workers (reviewed by Anderson, 
Haslewood and Wootton(7)) have found a 
large array of bile acids in the domestic 
chicken. They are chenodeoxycholic acid, 
isolithocholic acid, tetrahydroxynorstero- 
cholanic acid, 3 a-hydroxy-7-oxocholanic acid 
and 3-oxochola-4:6-dienic acid. No investi- 
gations have been conducted with the chick 
on production of bile acid artifacts by circu- 
lation of the original “native” bile salts 
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through the enterohepatic circulation, or by 
intestinal micro-organisms. Therefore, it 
cannot be known exactly which of the above 
bile acids are “natural” to the domestic 
chicken. If regulation of bile acid produc- 
tion in the domestic fowl is a homeo- 
static process as indicated for the rat(8), 
it may be that lithocholic acid interferes 
with absorption of chenodeoxycholic acid 
or some other bile acid that plays a part 
in the homeostatic control in chicks, or the 
lithocholic acid itself may be absorbed and 
play a role in the homeostatic control in the 
chicken. 

Portman and Bruno(9) have reported on 
the effects of feeding a number of bile salts 
to rats. They found that all the bile acids 
tested that had serum cholesterol-elevating 
activity contained a 12a-hydroxy grouping. 
Their results are in close agreement with 
those of Howe ef al.(2) with respect to ac- 
tivity of various derivatives of cholic acid to 
raise the serum cholesterol of mice. It is ob- 
vious from the results presented in this paper 
that the theory that bile salts must have a 
12a-hydroxy grouping to have serum choles- 
terol-elevating activity will not apply with 
the domestic chicken. 

Summary. Addition of cholic acid to the 
diet of chicks does not cause a rise in serum 
cholesterol as has been reported in mice and 
rats. Addition of lithocholic acid to the 
chicken diets caused a marked increase in 
serum cholesterol. This effect is opposite to 
that reported to occur in mice and rats. 
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It was recently demonstrated that an ana- 
bolic steroid could, within 39 hours after in- 
jection, induce a 4-fold increase in uptake of 
a labelled non-metabolizable amino acid by 
the levator ani muscle of the rat(1). The 
possibility of using this phenomenon as a 
rapid indicator of the anabolic potential of 
various steroids was therefore explored. The 
effect of 8 different steroids on uptake of the 
amino acid, alpha amino-isobutyric acid-1- 
C™ (AIB), was determined. The data in- 
dicate the new procedure to be more rapid 
than the standard levator ani test; it is also 
more sensitive and highly reproducible. Sev- 
eral other features of interest were noted, in- 
cluding the diminished excretion of AIB. It 
is suggested that excretion of AIB might also 
serve as an indicator of anabolic activity. 

Method. Male rats of the Holtzman strain 
weighing approximately 150 g were kept in 
the laboratory on a diet of Rockland pellets 
until their weight was 200 + 10g. In each 
series of experiments the rats were divided 
into groups of 6 approximately equal in total 
weight. One group was given diluent only 
and served as the control, the second group 
was given testosterone propionate, 50 mg/ 
kg, and served as the standard, and the other 
experimental group or groups were given the 
test steroids in the same dosage. Immedi- 
ately after castration under ether anaesthesia 
the steroids or diluent were given intramus- 
cularly. The animals were then subdivided 
into groups of 3 and placed in metabolic 
cages for collection of the pooled urine. 
Food was withheld but water was available. 
Thirty hours after castration each animal was 
given subcutaneously 1.0 ml of the AIB solu- 
tion containing 550,000 + 5,000 counts 
(specific activity 0.1 mC/mM). Nine hours 
later the animals were exsanguinated under 
ether anesthesia by direct cardiac puncture. 

* This work was supported by grants from Nat. 
Inst. Health and G. D. Searle and Co. 


The levator ani were excised, weighed, and 
individually homogenized with 3.0 ml of 
acetic acid (pH 3.5). The other organs and 
tissues were also excised, weighed and homo- 
genized, in pools of 3 corresponding to the 
metabolism cage pools, with a proportional 
volume of acetic acid. After centrifugation 
the supernatants were plated in 0.5 ml ali- 
quots and counted to a total of 1000 counts 
3 times in a thin window gas flow counter 
with sample changer and printing timer.? 
One hundred ml of hot water was used to 
wash down the metabolism cages, added to 
the corresponding pooled urine, made up to a 
total volume of 200 ml and a 0.5 ml aliquot 
counted. Total nitrogen in the urine was de- 
termined by the microKjeldahl method. The 
individual blood serums were precipitated 
with tungstic acid and a 0.5 ml aliquot of 
the filtrate counted.? 

Results. The results of the 4 series of ex- 
periments are given in Tables I and II. All 
of the animals lost 15% in body weight as a 
result of castration and food deprivation. 
Nevertheless, all of the levator ani responded 
to the stimulation of the steroids in the 39 
hours of experiment by an increase in weight 
and by an increase in uptake of AIB (Table 
I). Control levator ani weights ranged from 
an average of 63 to 87 mg and experimental 
ones from 110 to 134 mg. Ratios of experi- 
mental to control weights ranged from 1.35 
to 2.13 and net increase in weight from 35 
to 113% with an average of 50%. The up- 
take of AIB by control levators was 1,780 to 


t The sample changer and printing timer were pur- 
chased with a grant from the Ciba Co. through the 
courtesy of Dr. C. H. Sullivan. 

{ This filtrate was chosen because it gave a count 
recovery of 93% ; serum plated directly gave a recov- 
ery of only 32% and often caused difficulty because 
of flaking and curling; trichloracetic acid filtrate was 
deliquescent when plated and recovery with it only 
41%, 
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Test FOR STEROID ANABOLIC ACTIVITY 


TABLE II. Urine Data. 
a se EE eee 


Urine nitrogen 


Urine AIB 


y——— Ratio——_ —— Ratio—, 
No.of Avg To To test. Avg To | Wortest: 
Series Steroid rats mg/rat control prop.  counts/rat control prop. 

i Methandrostenolone 6 227 1.23 1.08 3,500 .83 1.40 
Testosterone propionate 6 211 1.14 = 2,500 -60 a 
Control 6 185 88 4,200 — 1.68 
II Norethandrolone 6 202 ius) 1.01 3,700 48 1.39 
Norethandrolone propionate 6 198 -76 .99 3,200 42 1.20 
Testosterone propionate 6 200 ofl tl = 2,670 23D = 
Control 6 259 = 1.30 7,670 = 2.87 
III Nandrolone phenpropionate 6 202 1.09 1.01 2,070 36 78 
Norpropandrolate 6 220 erly 1.10 2,800 49 1.05 
Testosterone propionate 6 200 1.08 = 2,670 47 == 
Control 6 185 — .93 5,700 = 2.13 
IV Testosterone 6 200 1.01 1.09 6,700 AT 1.33 
Testosterone enanthate 6 214 1.08 1.16 7,920 56 1.58 
Testosterone propionate 6 184 93 = 5,030 36 = 
Control 6 198 — 1.08 14,140 — 2.81 


1,950 counts per gram and 4,730 to 8,270 for 
experimental groups. Ratios of experimental 
to corresponding control uptakes were 2.43 to 
4.35. Net increases in uptake varied from 
143 to 335% with a mean of 276%. Thus, 
average percent increase in uptake was 5% 
times as great as average percent increase in 
weight. 

Urinary excretion data are given in Table 
II. In the 39 hours of experiment nitrogen 
retention was manifest only in series II. The 
other series showed no change or an actual 
increased loss over controls. The average for 
the ratios of experimental to control nitrogen 
excretion for the 4 series was 1.01. Urinary 
excretion of the labelled compound was, how- 
ever, decreased in all of the experiments in 
the 9 hours following its administration. Ra- 
tios of experimental to control excretions 
ranged from 0.83 to 0.35 or a decrease of 17 
to 65% with an average of 51%. Thus, al- 
though there was no consistent decrease in 
nitrogen excretion as a result of administra- 
tion of the steroids, there was a significant 
reduction in excretion of the AIB. 

The changes in uptake of the other tissues 
analyzed for AIB were small in comparison 
to the levators. Serum, diaphragm, kidney 
and heart showed variable small changes, the 
experimental to control ratios being 1.03, 
0.98, 0.95, and 1.06 respectively. Skeletal 
muscle (tongue was used) showed a consis- 


tent increase and liver and thymus a consis- 
tent decrease. The respective experimental 
to control ratios were 1.10, 0.88 and 0.86. 
These represent a 10 to 14% change which is 
only one-twentieth of that of the levator 
muscle. 

The reproducibility of the method within 
the given groups is indicated by the standard 
errors in Table I. These are given in percent 
of the corresponding means to allow compari- 
son between the two factors, weight gain and 
AIB uptake. The mean of the standard er- 
rors for the 15 groups is 6.3 (S.E. + 0.73) 
for the levator weights and 4.6 (S.E. + 
0.29) for the uptakes. The latter is thus 
somewhat more accurate than the former. 
The reproducibility of the uptakes in the 
replicated groups (control and_ testosterone 
propionate) is indicated by the narrow range 
of the actual count values and the ratio val- 
ues. Average counts in the control levator 
groups for the 4 series were 1,950, 1,780, 
1,830 and 1,900 and for the 4 testosterone 
propionate groups, 7,590, 7,150, 7,040, and 
7,780. The testosterone propionate to con- 
trol ratios were 3.89, 4.01, 3.86 and 4.09 and 
the reciprocal ratios were 0.26, 0.25, 0.26 and 
0.24 respectively. 

Discussion. On the basis of the above re- 
sults the levator ani-AIB test would appear 
to be as effective as the standard levator ani 
weight tests for determining the anabolic po- 
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tential of steroids. It has, in addition, a 
number of advantages over these tests, the 
Eisenberg-Gordan test and the modified test 
of Hershberger(2,3). The former requires 
28 days for its performance and the latter 7 
days, whereas the AIB test requires only 39 
hours. The 30-hour interval from steroid 
injection to AIB administration was adopted 
to be sure of maximum effectiveness of the 
steroid, and the 9-hour interval from AIB 
administration to sacrifice to ensure an ade- 
quate circulating level of this compound; its 
previously determined half time in the circu- 
lation was 9 hours. Since anabolic steroids 
probably become effective soon after injec- 
tion it may be possible to shorten the AIB 
test time. Studies are now being carried out 
to determine the shortest time after steroid 
administration in which statistically valid re- 
sults are obtainable with the test. Admit- 
tedly, the test requires a little more working 
time (to process the levators for counting) 
than the simpler weighing test but it obviates 
the need for housing and feeding groups of 
rats for long periods of time and the need 
for daily injections of the test steroids. An- 
other advantage of the AIB test, perhaps 
minor, is that precise excision of the levator 
ani is not critical to the test—the effect being 
measured not in total counts but in counts 
per gram of the muscle. 

In this series of experiments the AIB test 
is somewhat more accurate than the weight 
test. The difference noted above between 
the means of the standard errors of the 
counts and those of the weights in the 15 
experiments is statistically significant (p< 
0.05). The reproducibility of the counts 
(per gram) in the 4 replicated control and 
testosterone propionate experiments is quite 
good. The coefficient of variation between 
the 4 values in the former was 4.7%, in the 
latter 2.7%, and between the respective ra- 
tios, 3.8%. The sensitivity of the AIB test 
is 5% times that of the weight test on the 
basis of the ratio between percent increase 
in uptake to percent increase in weight. This 
sensitivity may actually be somewhat higher. 
If the first 2 weight ratios and the first up- 
take ratio are excluded from their respective 
columns (this is valid on statistical grounds) 
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average net uptake increase would be 290% 
and average net weight increase would be 
41% with a ratio of seven. Thus, AIB up- 
take is 5 to 7 times as sensitive as weight in- 
crease as an indicator of anabolic potential 
in the 39 hours of these experiments. 

There was an appreciable reduction in 
urinary excretion of the AIB in the 9 hours 
after its administration but no consistent 
change in nitrogen excretion in the 39 hours 
after steroid administration. The explana- 
tion for this reduction in urinary AIB is not 
clear from these experiments. Although the 
relative kidney counts were 5 times as high 
as the average for the other soft tissues ana- 
lyzed (20,000 vs 4,000 counts/g) the experi- 
mental animal kidney counts were the same 
as the controls. Also, the 10% increase in 
uptake by the skeletal muscle was not re- 
flected by any change in the blood level 
which could have affected the excretion. This 
considerable reduction in AIB excretion, how- 
ever, suggests the possibility of using this 
change as an added or alternate indicator of 
the activity of anabolic steroids. Prolonging 
the period of the test until nitrogen retention 
becomes established would allow quantitative 
correlation between AIB excretion and nitro- 
gen retention to be determined and AIB it- 
self could then serve as a monitor for nitro- 
gen sparing. 

At the high steroid dose level used there 
was less than a 2-fold spread, 2.43 to 4.35, 
in uptake ratios. Taking the mean, 3.96, of 
the 4 testosterone propionate ratios as only 
one value the mean of the ratios for the 8 
compounds tested was 3.76 with an S.D. of 
+ 0.56 (15%). The 2 non-esterified com- 
pounds, methandrostenolone and _norethan- 
drolone, with known low androgenic potency 
had ratios below this mean (2.43, 3.23) and 
the parent compound, testosterone, with 
known high androgenic and anabolic activity 
had a ratio above this mean (4.35). The ra- 
tios of the 5 esterified compounds, on the 
other hand, were grouped very closely (3.96, 
3.74, 3.88, 3.88, 4.02) with a mean of 3.90 
and anjo.D. of 2: 0.13°(3.4%). It is inter- 
esting that the 2 nortestosterone esters, the 
phenpropionate and the dipropionate had 
identical values (3.88, 3.88), that the 17- 


748 


ethyl nortestosterone ester had a value very 
close to these (3.74), and that the 2 testo- 
sterone esters had practically identical values 
to each other (3.96, 4.02) and to the 3 nor- 
testosterone values. Thus, deletion of the 
methyl group, presence of the 17-ethyl group, 
esterification at the 17 position, esterification 
at both the 3 and 17 positions and the nature 
of the esterifying groups did not seem to af- 
fect the common action of these compounds 
which is being expressed as an increase in 
uptake of the labelled amino acid. What 
proportion of uptake of the AIB is attribu- 
table to the anabolic effect and what propor- 
tion to the androgenic effect of these steroids 
cannot be deduced from these data. Never- 
theless, the degree of agreement among the 
5 esterified compounds suggests that the vari- 
ous compounds have the same effect on the 
uptake or concentrating mechanism or that 
their metabolic breakdown results in a com- 
mon compound causing the effect noted. 
Summary. 1. A test for determination of 
the anabolic potential of steroids using in- 
crease in uptake of a C1 labelled non-meta- 
bolizable amino acid by the levator ani 
muscle of the rat is described. 2. This test 
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is considerably more rapid than the 2 stand- 
ard levator ani weight increment tests. Re- 
producibility of the method within a given 
test is quite good as is reproducibility in se- 
rial tests with a given steroid. The sensitiv- 
ity of this test is 5- to 7-fold that of the 
weight increment test. 3. The reduction in 
urinary AIB excretion observed even before 
any nitrogen retention becomes established 
suggests the possibility of using this reduc- 
tion as an aditional or alternate indicator of 
the anabolic activity of steroids. 4. The 
close agreement in uptake ratios with 5 dif- 
ferent steroid esters suggests that the meta- 
bolic product ultimately effective in causing 
the increase in uptake of the labelled com- 
pound is the same or that the various steroids 
have the same effect on the uptake mech- 
anism. 


1. Metcalf, W., Gross, E., Science, 1960, v132, 41. 

2. Eisenberg, E., Gordan, G. S., J. Pharmacol. and 
Exp. Therap., 1950, v99, 38. 

3. Hershberger, L. G., Shipley, E. G., Meyer, 
R. K., Proc. Soc. Exp. Bior. anp Mep., 1953, v83, 
175% 
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Effect of Size and Concentration of Latex Particles on Respiration of 


Human Blood Leucocytes.* 


L. J. Krenist anp B. Strauss? 
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(Introduced by Lewis Thomas) 


Department of Medicine, New York University School of Medicine and III Medical Division, 
Bellevue Hospital, New York 


Recent workers on physical and biochemi- 
cal aspects of phagocytosis have used sus- 
pensions of polystyrene latex particles as the 
test substance(1,2). Using guinea pig exu- 
date leucocytes and polystyrene latex par- 
ticles 1.171 » in diameter, Sbarra and Kar- 
novsky concluded that phagocytosis requires 
energy, and that the oxygen consumed by the 


* Supported in part by a grant from Armed Forces 
Epidemiological Board, Dept. of the Army. 

+ Premedical Research Fellow, New York Univ. 
School of Med. 

t+ James Alexander Miller 
Tuberculosis and Health Assn. 


Fellow, New York 


test cells is directly proportional to the num- 
ber of particles ingested by them(2). Strauss 
and Stetson have noted the effect of 0.802 
polystyrene latex particles and solutions of 
endotoxins of Gram negative bacteria on the 
respiratory activity of leucocytes of human 
peripheral blood(1). 

The present paper describes effect of size 
and concentration of polystyrene latex par- 
ticles upon oxygen consumption of leuco- 
cytes of heparinized human peripheral blood. 

Materials and methods. Blood. Normal 
human peripheral blood was drawn and 
heparinized as described elsewhere(1). Blood 
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TABLE I. Physical Properties of Suspensions of Polystyrene Latex Particles. 


Size of par- % solids s.g. of Concentration 

Dow Lot # ticle (u) Vol of particle (ml) by wt suspension particles/ml 

] LS—040A 088 SHO Ke Oe 9.42 .982 2.66 * 10“ 
2 LS-055A 188 3.48 & 107% 10.30 .966 SOG SK OE 
3 LS—057A 264 Wer Se IO 10.20 964 LIMO S< AOR? 
+ LS-061A 365 2.55 X 107+ 9:99 962 ene S< INOS 
5 LS-063A 557 9.05 x 104 12.91 964 Ugiesy <1 
6 LS-066A 814 2.84 X 1078 11.20 984 4:00 < 10% 
7 LS-067A iLallyal 8.43 & 1078 10.26 .956 Le SK Oe 


from one donor was used for all experiments 
in the interest of consistent quantitative re- 
sponses. However, various donors responded 
similarly in a qualitative sense. Polystyrene 
latex particles. Samples of 7 graded sizes of 
particles were obtained from Dow Chemical 
Co., Midland, Mich., through the courtesy of 
Dr. John W. Vanderhoff. Each sterile sam- 
ple contained particles of uniform diameter 
suspended in a buffered saline solution, and 
was stored at 4°C. From data supplied by 
Dow Chemical Co., the concentration of each 
stock suspension was calculated’ (Table 1). 
However, investigators should be aware that 
suspensions must not be used after storage 
over many months, for there will be fewer 
particles present than originally, owing to 
destructive action by bacteria which have 
gained entry when vials are opened to with- 
draw samples. Different concentrations of 
latex suspensions were prepared by dilution 
with physiologic saline. Manomeitric deter- 
minations. Oxygen consumption was mea- 
sured by the direct method of Warburg, and 
as in previous experiments(1) 2 ml whole 
heparinized blood was used per flask. 0.2 
ml latex suspension was pipetted into the 
sidearm of triplicate sets of flasks. After a 
90 minute ‘equilibration period, the suspen- 
sions were added. The value at 30 minutes 
after addition is used for interpretation be- 
cause recent investigations(1,3,4) suggest 
that the significant portion of the phagocytic 
event occurs within this time period. 
Results. Series A: Different sized particles 
were studied in a final concentration of 6.35 


§ No. particles 


ml 
g solids il 1 
us vol each particle 


ml suspension —_8.g. Suspens1on. 


x 10'° particles/ml. Control values for 
blood without latex were constant at 7 pl + 
0.5 pl oxygen uptake per 2 ml of blood at 30 
minutes. Stimulation of oxygen uptake was 
directly proportional to the size of the poly- 
styrene latex particle within the range 0.264 
mw to 1.171 ». Particles smaller than 0.264 pu 
produced no significant increment in leuco- 
cyte respiration (Table II). 

Series B: Experiments were designed to 
determine the relationship between concen- 
tration and oxygen uptake for 3 different 
sizes of particles and also to confirm observa- 
tions of series A (Table III). When size 
was held constant, increase in oxygen uptake 
was directly proportional to the concentra- 
tion of the three sizes of particles tested. On 
the other hand when concentration of parti- 
cles was held constant, larger particles result 
in a greater increase in oxygen uptake over 
control values, as in series A. 

Further experiments using particles 0.088 
uw, 0.188 w and 0.264 » have shown no stimu- 
lation of respiration by the first 2 sizes, and 
erratic stimulation of respiration by the last 


size, even when undiluted stock suspensions 
were tested. 
Discussion. Polystyrene latex particles 


TABLE II. Effect of Size of Particles upon Leu- 
cocyte Respiration. Concentration constant at 6.35 
x 10” particles/ml. 


ul increase in O. 


No. of uptake/2 ml blood 
determi- Size of par- over control vid- 
Group nations ticle (yw) ues at 30 min. 

I 2 .088 a) 35 oi 

2 2 188 a5) aie Jal 

3 2 .264 Bao) Sie) Iai 

4 By 865 7.4 + 2.4 

5 3 oT lied tee 

6 3 814 38.8 + 1.4 

7 2 I ilyal 46.6 + 3.5 
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TABLE III. Effect of Concentration of Particles upon Leucocyte Respiration for 3 Sizes of 
Particles.* 
SE ee 
——————————————————— 
ul increase in O, uptake over control values at 30 min. 


Concentration Concentration Concentration 
Size of par- particles/ml, particles /ml, particles/ml, 
Group ticle (uw) WER Se OY 635 <0 LADS SS 10" 
il .365 13.3 +1.1 74 +1.7 1.5 +1.9 
2 814 45.7 + 3.7 37.5 + 4.7 8.8 + 2.3 
3 Deval AT.7 + 2.3 48.0 + 5.0 13.9 +1.4 


* Hach oxygen uptake value represents mean of 3 experiments. 


possess physical properties which lend them- 
selves to investigation. of the mechanics of 
phagocytosis. They have been characterized 
as inert(2). They are available in rigidly 
standardized suspensions containing particles 
highly uniform in diameter. With the excep- 
tion of the 3 smallest sizes they are easily 
visible with the phase microscope. 
Preliminary phase microscopy observations 
have not resolved the problem of how many 
latex particles enter the leucocytes. It is ex- 
tremely difficult to count the number of par- 
ticles within cells owing to the presence of 
optically similar cytoplasmic constituents. 
While Table III shows a direct proportional- 
ity between particle concentration and res- 
piration for particles of 3 selected sizes, the 
failure of the 2 smallest sizes of particles to 
be associated with significant increases in 
oxygen uptake by leucocytes probably indi- 
cates that little or no phagocytosis of these 
particles occurred. Thus a critical particle 
size is defined in this system; below it, addi- 
tion of particles to whole blood regardless of 
particle concentration fails to stimulate leu- 
cocyte respiration. This may explain earlier 
results in which heat denatured bovine albu- 
min failed to stimulate leucocyte respiration 


(1): 


Latex particles have proved useful in quan- 
titating some mechanical aspects of phago- 
cytosis. The information gained in regard 
to size and concentration now lends itself to 
the study of factors involved in the phago- 
cytic event which are not strictly mechanical 
in nature. The system described permits fur- 
ther studies in phagocytosis in which the role 
of certain opsonic factors may be assessed; 
latex particles coated with various globulin 
fractions are being used at present to deline- 
ate this role. 

Summary. Rigorously standardized poly- 
styrene latex particles of graded sizes were 
added to whole blood, and oxygen uptake by 
leucocytes as they ingested these particles 
was measured by the direct method of War- 
burg. The importance of both size and con- 
centration of particles was established. 
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We previously reported an assay for eryth- 
ropoietine using the sublethally irradiated 
animal(1). The results with this assay differ 
from those using fasted(2) or transfused ani- 
mals(3); in the irradiated animal there is a 
longer interval between injection of erythro- 
poietine and a measurable effect. The reason 
for this difference is unexplained. It has been 
suggested that erythropoietine promotes dif- 
ferentiation of stem cells(4,5), stimulates di- 
vision in the erythroid compartment(6), or 
both(7). In this paper further studies on 
the response of the irradiated animal to 
erythropoietine are reported. These data 
support the concept that erythropoietine pro- 
motes stem cell differentiation; a tentative 
hypothesis is proposed to explain the differ- 
ence in rate of response of irradiated and 
transfused animals. 

Material and methods. Female Sprague- 
Dawley rats weighing 135-160 g were used. 
Irradiation was given with a 3.0 MEV Van 
de Graaff linear accelerator at a dose rate of 
300 r/minute as measured by a Bendix ioni- 
zation chamber known to be air equivalent 
at this energy. Transfused animals were 
given red cells in an amount equivalent to 
1.4% of body weight 4 days prior to admin- 
istration of erythropoietine. Erythropoietine 
was obtained from the urine of patients with 
congenital hypoplastic anemia and concen- 
trated by evaporation or precipitated with 
80% alcohol; the concentrates were dialyzed 
against normal saline at 4°C prior to use. 

Red cell production was estimated by re- 
ticulocyte counts and Fe? incorporation 
curves. In the Fe®® incorporation studies, we 
injected intramuscularly 5 mg of non-radio- 
active iron, as Imferon, 3 hours after injec- 
tion of Fe”. The dose of Imferon was re- 
peated daily thereafter. By diluting out the 
Fe? the non-radioactive iron minimizes the 
continued utilization of radioiron recycled 
through the tissues. Blood volume was mea- 


sured in each animal by injecting Cr! la- 
belled cells 20 minutes prior to exsanguina- 
tion; Cr°! and Fe®® counts were separated 
using a single channel spectrometer. 


Results. 1. Effect of erythropoietine after 
200 r. Twenty-four hours after 200 r whole 
body radiation total Fe®® incorporation is at 
a minimum. When Fe’ is given 48 hours 
after irradiation few labeled cells emerge 
during the following 24 hours but a substan- 
tial number emerge between 24 and 48 hours 
(72-96 hours post-radiation). _Administra- 
tion of 2-4 CS units of erythropoietine(8) 1m- 
mediately after irradiation and 24 hours 
thereafter affected the cohort of cells emerg- 
ing between 24 and 48 hours after Fe” (72- 
96 hours post-radiation) but there was no de- 
tectable effect within the first 24 hours after 
Fe°® (72 hours post-radiation) (Table I). A 
difference in reticulocytes was not detectable 
until 96 hours after initial injection of eryth- 
ropoietine (Table II). 

2. Effect of erythropoietine after 400 r. 
Erythropoiesis does not resume until several 
days after 400 r; reticulocyte count rises sub- 
stantially on the 6th day. Administration of 
a single dose of erythropoietine immediately 
after 400 r produces an earlier recovery (Ta- 
ble III). A single dose of erythropoietine 
given 24 hours after irradiation was no more 
effective than the dose given immediately 
after irradiation (Table III). The iron in- 


TABLE I. Effect of Erythropoietine (HP) on Ke- 
covery of Erythropoiesis in Rats Receiving 200 r. 


Hr after Fe 
Treatment 24 48 ee, 
Control i ce ieee Alpysy Sealichy 10 pcre 
BPX 2+ 68 +.83 204+ .52 264+ 51 
THE aleully (ots) sie Se) AIG) Se fae} PAGE ee Alon 
* Tron incorporation as % of inj. dose. Values 


are mean of 18 animals + S.E. Fe given 48 hr 
after irradiation. 

+ Erythropoietine given immediately and 24 hr 
after irradiation, 
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TABLE II. Effect of Erythropoietine on Reticulo- 
cytes after Sublethal Radiation. 


Hr after 200 r 


Treatment 72 96 120 

Control 3 + .06T 8 + 13 2.0 + .25 
HE ea 2 + .04 1.3 + .18 2.7 = B2 
EP daily 2 + .05 1.2 + .13 Ball aia hO 


* Erythropoietine given immediately and 24 hr 


after irradiation. 
+ Reticulocyte percentage + S.E, Each value 
based on 12 animals. 


corporation curves in 4 experiments showed 
similar changes (Table IV). 

3. Effect of erythropoietine in the trans- 
fused rat. A single dose of erythropoietine 
produced a small increase in reticulocytes 
within 48 hours with a very pronounced ef- 
fect by 72 hours (Table V). Multiple injec- 
tions produced an even greater effect. Fe®® 
data were consistent with reticulocyte values. 


TABLE III. Effect of Erythropoietine after 400 r. 


Reticulocytes 
Day post-radiation 

Treatment 6 uf 8 

EP immediately 1.94+.3* 4.67 +.8 6.79 +1.23 
after irrad. 

Control irrad- ol +.09 1.9 +.34 5.01 + .66 
lated 

EP 24 hr after 6 +.19 3.45+.91 661+ .45 
irrad. 


* Mean of reticulocytes of 6 animals + S8.E. 


Discussion. Previously we proposed a 
model for erythropoiesis(9) in which the 
erythroid compartment is replenished from a 
primitive or stem cell compartment. After 
differentiation into erythroid elements, ma- 
turation and division are asynchronous. 
Some cells and their progeny will divide more 


TABLE IV. Effeet of Erythropoietine on Reeoy- 
ery of Erythropoiesis in Rats Receiving 400 r. 


Hr after Fe? 


Control 8 
HP* 11555 


* Erythropoietine given immediately after irrad- 
lation; Fe labeled plasma given 5 days after ir- 
radiation. 

+ Percentage of inj. iron incorporated in red 
cells; mean of 24 animals + §8.E. 
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than others; some may mature without di- 
viding. Cell death may occur during ma- 
turation and under some circumstances may 
be substantial. The sequence of events in 
the erythroid compartment following hyper- 
transfusion suggests that the suppression re- 
sults primarily from a decreased input from 
the stem cell compartment(10). Irradiation 
affects erythropoiesis by destruction of cells 
within the erythroid compartment as well as 
in the stem cell compartment. 


TABLE V. Reticulocyte Response of Hypertrans- 
fused Rats to a Single Injection of Erythropoie- 


tine. 

Hy after 

treatment Erythropoietine Control 
24 13 + .04* 21 + .04 
48 40 + .09 25 + .05 
72 Woks) ae 8x2 AiGyese 0s 
96 SIO) SE off 72 206 
120 iLO se iil 14 + .02 


* Avge reticulocyte percentage in 5 animals + 
S.E. of mean. 


The response of the hypertransfused ani- 
mals to erythropoietine seems best explained 
by the differentiation of large numbers of 
stem cells. The emergence of some cells as 
early as 24-48 hours after a strong stimula- 
tion suggests either a shortening of genera- 
tion times or skipped divisions (i.e. matura- 
tion without division). Alpen(4) has pre- 
sented evidence to suggest that even after 
severe stimulation the generation time of the 
erythroblast is unchanged. Whether this ap- 
plies to later stages remains moot. A pri- 
mary effect on later stages of development is 
unlikely since there are few such cells re- 
maining and certainly not enough to explain 
the magnitude of the response unless the gen- 
eration times are incredibly short. Jacob- 
son’s studies in the mouse(3) where eryth- 
roid elements are reported to be completely 
absent after hypertransfusion lend further 
support to the notion that erythropoietine 
promotes stem cell differentiation. 

The data clearly demonstrate a difference 
between the effect of erythropoietine in ir- 
radiated and hypertransfused animals. The 
effect was delayed after 200 r but much more 
so after 400 r. It seems unlikely that this 
could result from continued availability of 
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erythropoietine for several days during which 
time the stem cell compartment regenerated. 
Estimates of a circulating half time for eryth- 
ropoietine of 5-10 hours in irradiated animals 
seem incompatible with such a thesis(11). 
Also, these estimates represent a maximum 
since they were derived from studies in which 
there was undoubtedly an overlap between 
production and destruction of erythropoie- 
tine. Furthermore, administration of eryth- 
ropoietine 24 hours after irradiation was no 
more effective than when given immediately 
after irradiation, contrary to what would be 
expected if there were continued availability. 


A more attractive hypothesis is that eryth- 
ropoietine when given immediately after ir- 
radiation differentiates a portion of the stem 
cell compartment, which after one or 2 abor- 
tive attempts at division dies. The resultant 
depopulation of the stem cell compartment 
serves as a Stimulus for earlier regeneration 
of the stem cell compartment(12). This ex- 
planation entails certain assumptions, which, 
while unproved, are compatible with current 
knowledge. The erythroid compartment is 
not self-sustaining but is constantly replen- 
ished from a stem cell pool, which turns over 
at a slower rate than the erythroid compart- 
ment. Rate of turnover of the stem cell com- 
partment is determined by a _ feedback 
mechanism governed by rate of removal of 
stem cells; cells may be removed by death 
within the compartment or by differentiation. 
After irradiation cells in both the erythroid 
and stem cell compartment are lost either di- 
rectly or upon entering mitosis. The damage 
to the erythroid compartment is greater than 
to the stem cell compartment due to differ- 
ences in sensitivity perhaps reflecting differ- 
ences in generative cycle. Following radia- 
tion injury the number of cells killed directly, 
dying during abortive division, and surviving 
is dependent on dose. It is further suggested 
that at higher doses some surviving cells for 
a period are viable but temporarily “infer- 
tile,’ and others permanently sterile, the pro- 
portion being dose dependent. These cells at 
least temporarily retain the capacity to dif- 
ferentiate. The stage of “repair” involves 
restoration of the capacity of division of 
those cells “temporarily infertile.” Alterna- 
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tively, the latter might be considered as “un- 
damaged”’(12) but this seems unlikely at 
high doses. The period for repair is also 
dose dependent. Once the capacity for divi- 
sion has been renewed, rate of division and 
regeneration will again be governed by the 
feedback mechanism and be dependent on 
the numbers of cells in the compartment, i.e., 
surviving but sterile cells would influence 
rate of regeneration. Erythropoietine by re- 
ducing the number of the latter cells would 
permit a more rapid regeneration. 


Summary. Erythropoietine produces an 
increase in reticulocytes in transfused ani- 
mals within 48-72 hours. In irradiated ani- 
mals the response is delayed, length of delay 
being in part dose dependent. A change in 
reticulocytes is not observed until 96 hours 
when erythropoietine is given immediately 
after 200 r; after 400 r the effect is first 
noted at 6 days. A tentative hypothesis is 
proposed to explain these results. It is sug- 
gested that erythropoietine promotes differ- 
entiation of stem cells into erythroid elements 
and that depopulation of the stem cell com- 
partment stimulates division within that 
compartment. 
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Binding of Radioactive Sodium, Potassium, and Bromide in Guinea Pig 


Brain Homogenates.* 
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Binding of various electrolytes in the brain 
has been described over the years since 
Fremy in 1841 first noted the presence of 
fixed mineral substances in brain tissue. 
Thudichum found potassium to be the chief 
inorganic constituent present in protagon 
and demonstrated that calcium is attached 
to cephalin. Koch and Pike(7) showed that 
cephalin contains more potassium than so- 
dium, but that in lecithin the reverse is true. 

Christensen and Hastings(3) found that 
cephalin has the ability to combine with so- 
dium and potassium with equal affinity in 
amounts increasing with pH. At neutrality 
they found that 0.5-0.6 equivalents of alkali 
were bound per mole of cephalin. 

Folch(4) reported 30% excess of cations 
over anions in brain, accounting for this 
“anion deficit” by the binding of approxi- 
mately this proportion of brain cations to 
cerebron sulfuric acid and phosphatidyl ser- 
ine. Twenty per cent of the brain sodium 
(10 mEq) was bound to phosphatidyl serine. 

Stone and Shapiro(13) filtered homoge- 
nates of brain and muscle under negative 
pressure at 3-4°C and found that 20% of 
brain and muscle potassium did not diffuse 
through cellophane, while 100% of sodium 
was freely diffusible. Bergen, Stone and 
Hoagland(2) used the ultrafiltration technic 
of Stone and Shapiro to demonstrate binding 
of about 30% of rat brain potassium not in- 
fluenced by adrenalectomy. Their results 


* This work was supported by the Cox Fund, the 
Raschen-Tiedemann Fund, and the Lucie Stern Fund. 

t Present address: Dept. of Medicine, Wayne State 
University College of Medicine, Detroit. 


confirmed earlier reports of a slowly exchang- 
ing brain potassium compartment which de- 
velops with age in rats. On the other hand, 
Leiderman and Katzman(9) demonstrated a 
significant difference in radio-potassium up- 
take by the brains of normal and adrenalec- 
tomized rats. They(8) found 20 mEq of 
radio-potassium per kilogram of wet brain 
to be non-exchangeable in normal adult rats, 
as determined by comparison of brain and 
plasma specific activities up to 72 hours after 
intraperitoneal injection. This non-ex- 
changeable potassium compartment was not 
present in rats younger than 35 days and 
was abolished by adrenalectomy in adults. 


Shaw and Simon(12) found that the po- 
tassium in toad nerve and muscle, allowed to 
die naturally or poisoned with iodoacetate or 
cyanide, did not equilibrate with the sur- 
rounding medium. They postulated potas- 
sium binding to explain this effect. 

Shanes and Berman(11) studied diffusion 
out of toad sciatic nerve. They found that 
a small but significant proportion of radio- 
active sodium did not come to diffusion equi- 
librium with the surrounding medium. 


Pappius and Elliott(10) noted that potas- 
sium content of rat cerebral cortex slices in 
a Warburg apparatus under anaerobic con- 
ditions failed to come to equilibrium with 
the medium when potassium concentration 
of the medium was high. They suggested 
that this disequilibrium might be due to 
binding of a large portion of intracellular po- 
tassium. 

Recapitulation of the reported literature 
seems to indicate that there is probably 
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“bound” potassium in brain tissue. The lo- 
cation or chemical moiety involved in the 
binding is suggested only by Folch’s work, 
and the metabolic and/or chemical conditions 
of the binding are far from well-defined at 
this stage in our knowledge. 


The term “binding” has been used by the 
investigators cited with several different 
though related meanings, with reference to 
observations that the electrolytes were: ‘“re- 
tained by tissue,” ‘““combined with elements,” 
“non-exchangeable,” ‘slowly exchangeable,” 
or perhaps “only present in unexpectedly 
high concentration.” These differences in 
definition have probably accounted for most 
of the discrepancies reported by different 
workers. 

The present study grew out of our previ- 
ous study(5) of the diffusion of radioactive 
ions out of brain tissue slices. In_ this 
earlier paper, only the beginning of the dif- 
fusion process was considered. In the pres- 
ent investigation the later parts of the dif- 
fusion curves, at or near equilibrium, have 
been studied. 

Radioactive tracers. 
tonic solutions of radioactive sodium 
(Na?#Cl) potassium (K#*Cl) or bromide 
(KBr*?) were used in these experiments, the 
first 2 as solutions in hydrochloric acid, the 
latter in water. 

The solutions were brought to approximate 
neutrality prior to use. To adjust for their 
high radioactive concentrations, and for con- 
venience in injection, the lots were diluted 
with normal saline. 

General methods and tissue preparations. 
Unselected healthy adult male guinea pigs 
were employed in all experiments where brain 
tissue was required. In those experiments 
requiring radioactive brain tissue, each 
guinea pig was injected intraperitoneally with 
200-400 pc of isotope solution, fed and wa- 
tered ad lib., and sacrificed after a delay to 
allow for distribution of the tracer: 12 hours 
for Na24 and 24 hours for K*? or Br’. The 
uptakes of these tracers were determined in 
a series of experiments by sacrificing the ani- 
mals 1%, 3, 6 or 9 hours after intraperi- 
toneal injection. 

All brain tissue was prepared as follows: 


Hypotonic or iso- 


755 


The animal was rapidly decapitated, the 
brain was removed and divided longitudinally 
by a median cut through hemispheres and 
brain stem. Brain stem, basal ganglia, and 
choroid plexi were removed, then the pia was 
stripped with fine forceps, leaving the cortex 
and some white matter, but free of macro- 
scopically obvious blood. At the same time, 
the liver was removed and small pieces cut 
from it. The strips of tissue were pressed 
firmly between sheets of absorbent paper to 
remove as much blood as possible. . The tis- 
sue pieces were then transferred to a tared 
homogenizer tube and weighed. Standard 
mammalian Ringer’s solution was added, and 
the mixture homogenized with a Potter-El- 
vehjem tissue grinder with Teflon pestle. 
Ringer’s solution was added to the homoge- 
nate to bring the tissues to final dilution of 
e208 

Thoroughness of homogenization was 
evaluated by microscopic examination of the 
sedimented plug obtained by centrifuging 
samples of homogenate. Smears and paraf- 
fin sections of the sediment showed many in- 
tact nuclei but no intact cells. Irregular 
granular material with an occasional red cell 
or torn length of capillary were also noted. 


The experimental procedures carried out 
were of two general categories: (1) equili- 
brium dialysis, and (2) centrifugation fol- 
lowed by analysis of the supernatant and 
sediment. 

Dialysis experiments. For the dialysis ex- 
periments 20 ml of the dilute homogenate 
was dialyzed against 400 ml of isosmotic so- 
lution through cellophane sausage tubing. 
Dialysis was continued for 2 hours at room 
temperature. 

Samples from the dialysis bag and the ex- 
ternal solution were transferred to tared 
planchettes, weighed, and dried with a 
spreading agent. Radioactivity was deter- 
mined either with a Scott type Geiger-Muller 
counter or a Tracerlab scintillation counter 
with 1.29 g/cm?” lead shielding to remove 
beta emission.* Radioactive decay, self ab- 


t We would like to thank Dr. K. G. Scott and 
staff of the Radioactivity Center, Univ. of California, 
San Francisco, for their very kind assistance. 
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sorption, and coincidence corrections were 
carried out as appropriate. 

The materials to be dialyzed were prepared 
according to the following procedures. 

Procedure 1: (“Blank” in Fig. 2). The 
dialysis bag was filled with a modified Ring- 
er’s solution to which was added a small drop 
of radioactive tracer, but no brain homoge- 
nate. 

Procedure 2: (“Control” in Fig. 2). The 
dialysis bag was filled with homogenized non- 
radioactive brain to which was added a 
small drop of radioactive tracer. This pro- 
cedure was the same as Procedure 1, except 
for addition of non-radioactive brain homo- 
genate. 

Procedure 3: (‘“Supernatant” in Fig. 2). 
The dialysis bag was filled with supernatant 
obtained by centrifugation of homogenized 
radioactive brain from a tracer-injected ani- 
mal. See “Centrifugation Experiments.” 

Procedures 4 and 5: (NOT CONVULSED 
in Fig. 2). The dialysis bag was filled with 
homogenized radioactive brain from a tracer- 
injected animal, either not premedicated 
(“No Drug’) or injected with sodium pento- 
barbital prior to sacrifice (‘“Pentobarbital’’). 

Procedures 6-7-8: (CONVULSED in Fig. 
2). The dialysis bag was filled with radio- 
active brain homogenate from a tracer-in- 
jected animal convulsed with one of 3 agents 
(“Cocaine,” “Electric Shock,” or ‘Metra- 
zol”). The basic procedure here was the 
same as with Procedures 4 and 5 above. 

An. additional series of control dialyses was 
done with homogenized radioactive liver tis- 
sue from tracer-injected animals. 

Centrifugation experiments. Centrifuga- 
tion experiments were carried out on brain 
tissue from tracer-injected animals either 
after convulsions (cocaine, electric shock, or 
metrazol), or sacrificed without premedica- 
tion. Thirty ml portions of dilute brain ho- 
mogenate, prepared as described previously, 
were centrifuged for 15 minutes at 3,000 
rpm. Samples of supernatant and sediment 
were weighed and dried, and radioactivity 
was determined. (Fig. 3). The superna- 
tant was also studied by dialysis (see above, 
procedure 3). 


Development of binding. A series of di- 
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FIG. 1A. Theoretical dialysis curves based on 
experimental method described. 

FIG. 1B. Experimental curves of the same type 
as theoretical curves of 1A, using radioactive bro- 
mide as tracer. Points indicate radioactivity found 
inside the dialysis bag after dialysis for various 
periods. See text for additional details. 


alysis experiments were carried out with in- 
tervals of 114, 3, 6, and 9 hours between in- 
jection and sacrifice, in order to define the 
rate at which the non-exchangeable electro- 
lyte fractions develop. The technics were 
exactly the same as in the control dialysis 
studies, except for the variation in post-in- 
jection intervals. 

Results. 1. Dialysis experiments. At 
equilibrium, assuming free permeability, ra- 
dioactive tracer should be evenly distributed 
throughout the 20 cc inside the bag and the 
400 cc outside the bag. Thus, if there is no 
fixation (“binding”) of the radioactive tracer 
inside the dialysis bag, concentrations of both 
inner and outer solutions should be 4.76% 
of the concentration inside the bag at the 
beginning of dialysis, as in the lower the- 
oretical curve of Fig. 1A. If 5% binding 
were present, the curve would approximate 
the upper theoretical curve of Fig. 1A. Fig. 
1B shows the results of a series of prelimi- 
nary experiments with radiobromide, which 
confirmed that binding actually was present. 
Similar results were obtained from prelimi- 
nary studies with potassium and _ sodium. 
Comparison of columns 2 and 3 of Fig. 2 
with column 1 immediately indicates the ab- 
sence of significant binding of Na*4, K*#? or 
Br*? in vitro or in the centrifuged superna- 
tant. From the latter observation it appears 
that these isotopes are combined essentially, 
if not entirely, in the centrifugable portion 
of the homogenates (see also “Centrifugation 
Experiments”’). 

It is to be emphasized that binding is re- 
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FIG. 2. Summary of dialysis experiments done under various control and experimental cou- 
ditions. As described in text, values given for each set of data are recorded as percent of origi- 
nal radioactivity retained inside the cellophane dialysis bag at the end of dialysis (left scale) 
or percent of original brain radioactivity bound (right seale). Mean values are indicated, with 
stand. deviations. 

FIG. 3. Centrifugation studies as described in the text. Means and stand. deviations are 
indicated. Parenthetical numbers represent numbers of experiments performed. 

FIG. 4. Radioactive uptake and binding in the brain. The same animals were used for both 
determinations. Uptake, as indicated, was measured as proportion of inj. dose, while binding, 
as described elsewhere, was recorded as % of radioactivity originally present in the brain, Ex- 
perimental points are means, and stand. deviations are indicated. 
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TABLE I. Effect of Convulsions on Binding. 
‘<Gontrol’’? data are derived from columns 4 and 
5 of Fig. 2, while ‘‘Convulsed’’ data derive from 
columns 6, 7, and 8. Values are reported as % of 
radioactivity present in the brain. Parenthetical 
numbers indieate number of experiments in the 
respective groups. Ranges given are stand. dev., 
and ‘*p?? was calculated using the ‘‘t’’ test. 


Significance 
Controls, Convulsed, of diff. 
% bound % hound Spee 
Na“ 3.1 +.6(21) 2.0 + .4 (23) AN 
Ke 41 4+.9(18) 43 + .5 (27) 4 
Br® 3.1 +.7(16) 2.8 + .6 (26) d 


ported here in percent of radioactivity pres- 
ent in the brain. There appears to be no ob- 
vious relation between these percentages and 
injected dose, at least in the dosage ranges 
employed here. Amount of binding can also 
be reported in mEq/kg wet brain in the case 
of sodium and potassium, but this is not pos- 
sible or relevant with bromide, which is pres- 
ent only in tracer amounts. 


The use of proportionality values (percent- 
ages) rather than chemical equivalents or 
other units appears to be justified by the ob- 
servation that only such proportionality val- 
ues make obvious the striking similarity be- 
tween the binding of the 3 tracer elements 
studied, 2 of them normal brain constituents 
and the third a foreign tracer substance. No 
other investigator of whom we are aware has 
considered the possibility that such physiolo- 
gically dissimilar substances might react in 
such similar ways in the brain. Possibly 
this has been missed because the similarities 
never appear with the usual methods of dis- 
playing the data. 

Columns 4 and 5, Fig. 2, indicate that 
about 3% of sodium (1.7 mEq/kg wet 
brain), 3% of bromide, and 4% of potas- 
sium (3.5 mEq/kg) are bound in vivo, as 
measured by this technic. 

Convulsions caused by cocaine, metrazol or 
electric shock (columns 6-7-8, Fig. 2) ef- 
fected a significant decrease of the bound 
sodium: 50% (0.8 mEq/kg) in the case of 
cocaine, and 30% (0.5 mEq/kg) with metra- 
zol or electric shock. No change in binding 
of potassium or bromide was noted in these 
convulsed animals. These data are 
marized in Table I. 


sum- 
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2. Centrifugation experiments. The re- 
sults of the centrifugation experiments are 
given in Fig. 3. The guinea pigs used in 
these experiments were treated as described 
previously, samples of homogenate being 
taken for dialysis as well as for centrifuga- 
tion. Centrifugation was carried out both 
before and after 2 hours’ dialysis. The bars 
represent quotients obtained by dividing the 
calculated activity of the dry centrifuged 
sediment into the activity of the centrifuged 
supernatant. These quotients bear no 
straightforward relationship to percentage of 
isotope binding, but serve as a useful basis 
for comparison of different groups of experi- 
ments: the smaller the value of the quotient, 
the greater the proportion of bound isotope 
in the centrifuged sediment, and the less the 
proportion in the supernatant. 


Analysis of the centrifuged homogenate be- 
fore dialysis (Fig. 3) indicated that, of the 
3 electrolytes, bromide was present in the 
sediment in smallest amount, sodium was 
next, and potassium was present in the great- 
est proportion. 

After 2 hours of dialysis, on the other hand 
(Fig. 3, bottom), the proportions of sodium, 
potassium, and bromide in the sediment di- 
minished, and became identical within the 
limits of experimental error. 

3. Development of binding. The curves 
of Fig. 4 indicate that binding of all 3 ions 
studied occurred very rapidly, reaching 
nearly full value within 114 hours after in- 
jection. This figure also shows the lack of 
relation between uptake and development of 
binding. 

4. Liver controls. From every third or 
fourth animal a section of liver tissue was 
taken and dialyzed in precisely the same 
manner and at the same time as the brain 
tissue from the same animal. This was done 
as a further check on the method and to 
demonstrate possible differences between 
brain and a non-nervous tissue. Table II in- 
dicates that there is no significant binding of 
radio-sodium or bromide in liver homoge- 
nates. There is, however, questionably sig- 
nificant binding of K*? at about 40% the 
level observed in brain. 

Discussion. The concept of binding is 
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TABLE II. Absence of Binding in Homogenized 
Liver. Ranges given are stand. dey.; ‘‘p’’ values 
were calculated by ‘‘t’’ test. 


% remaining Significance 


in dialysis bag Apparent of binding, 
at 2 hr % bound LORE 
Na* Or Ometanteom (la) £ 4 
I Or omet OGL) 1.8 oil 
By? DS.) a= }.8 (14) ms) 4 


rather inexact at times, and criticism can jus- 
tifiably be leveled against any approach so 
far employed in study of the subject. The 
major methods which have been used in the 
past are: 1. Analysis of tissue extractives, 
2. Diffusion procedures employing semiper- 
meable membranes, 3. Centrifugation of tis- 
sue homogenates, 4. Measurement of ionic 
activities by physical or chemical methods 
(eé.g., membrane electrodes), 5. Influx or 
outflux studies, and 6. Nuclear resonance 
technic. 

In the present experiments, methods 2 and 
3 were used. Demonstration that a tissue 
extractive contains a certain amount of an 
ionic species does not prove that this combi- 
nation is physiologically important, nor that 
there is any actual combination whatsoever 
in vivo. Similarly, failure to show a bound 
ionic fraction by a dialysis method does not 
negate the possibility that there may be in 
the intact cell a locse combination of the ion, 
of great physiological importance. 

Not only must the rate at which an ion 
complex can dissociate be considered, but 
also the site of binding within the cell may 
be of basic importance. Bartley and Davies 
(1) showed that mitochondria could main- 
tain concentration gradients of sodium, po- 
tassium, magnesium, and phosphate under a 
variety of conditions. They obtained maxi- 
mum ratios of internal concentration to ex- 
ternal concentration at O°C in absence of 
substrate enzymatic co-factors, such as ATP 
or DPN, when concentration in the external 
medium was very low. 

Our observations for Na*#, K#? and Br‘ 
suggest that the bound fractions are not pres- 
ent in mitochondrial or microsomal fractions, 
as defined by other workers. The centri- 
fugation methods used here would leave 
these fractions in the supernatant, and no 
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binding was observed in these centrifuged 
supernatants. (Cf Fig. 2, third column). 

Age may be a significant variable, as in- 
dicated by Katzman and _ Leiderman’s(8) 
demonstration of a non-exchangeable potas- 
sium compartment in rat brain, developing 
with age. We have carried out studies on the 
effect of age on binding as we have defined it, 
which will be reported later. 

Our results are in contrast with those 
of Bergen, Stone, and Hoagland(2), who 
used a dialysis technic similar to ours 
and found about 30% of adult rat brain 
K*® to be non-diffusible through cellophane. 
The reason or reasons for this difference in 
results are not presently clear to us. Degree 
of homogenization and possible species dif- 
ferences remain to be investigated. 

The absence of binding of sodium in 
guinea pig liver is in partial disagreement 
with data of Griswold and Pace(6) on rat 
liver. They found, using flame photometry 
following perfusion and differential centri- 
fugation, that sodium and potassium were re- 
tained (7%-18%) in “mitochondrial” and 
“microsomal” fractions of minced liver. 

The effect of convulsions on bound Na*4 
is most interesting. The decrease in the 
bound sodium (Fig. 2) must represent an ac- 
tual loss from the bound compartment dur- 
ing convulsions, rather than a simple dilu- 
tion effect such as might result from develop- 
ment of brain edema, since if the 50% 
change were a simple dilution effect, total 
brain sodium would have had to rise to the 
200% level, which was impossible under 
these experimental conditions. 

There was no significant increase or de- 
crease in the binding of potassium or bromide 
during convulsions. This lack of change 
may mean that potassium and bromide are 
more strongly bound than sodium. More 
likely, however, it simply implies that any 
changes which occur effect both bound and 
unbound fractions similarly, so that the 2 
remain in equilibrium and the relative pro- 
portions do not change. 

The results of experiments on the dialysis 
of centrifuged supernatant and the studies 
on pre- and post-dialysis centrifugation sup- 
port each other in demonstrating that the 
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bound fractions are in the solid, sedimentable 
component of the brain homogenate. These 
observations, the similar percentages of bind- 
ing of the 3 elements, the similarity of the 
time courses of development of their binding 
in the brain, and the lack of binding in liver 
constitute considerable evidence of parallel 
behavior of physiologically dissimilar ionic 
species (Fig. 2, bottom of Fig. 3, and bind- 
ing curves of Fig. 4). These data suggest 
that the binding may depend upon some 
unique characteristic of brain tissue, rather 
than being a function of the specific physio- 
logical characteristics of the individual ele- 
ments. 

Myelin is the most obvious unique consti- 
tuent of brain. It has been demonstrated by 
electron micrography to have a layered struc- 
ture. We should like to suggest that the oc- 
currence of similar proportions of binding of 
the 3 dissimilar elements studied here may 
depend upon the colloidal nature of the mye- 
lin membrane. On the other hand, the dimi- 
nution of binding of only one of these ele- 
ments (sodium) as a result of convulsive ac- 
tivity suggests that the quantitatively simi- 
lar binding of the 3 may be coincidental. 

Further studies of a more specifically 
chemical nature are presently under way to 
evaluate these possibilities. 

Summary. 1. Dialysis of guinea pig brain 
homogenates from animals given intraperi- 
toneal injections of radioactive tracers re- 
vealed that 3%-4% of brain sodium (1.7 
mEq/kg wet brain), bromide and potassium 
(3.5 mEq/kg) were “bound”, i.e., did not 
pass the dialysis membrane. 2. Centrifuga- 
tion studies indicated that these “bound” 
fractions were contained in the sedimentable 
portion of the homogenates, and therefore 
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are not mitochondrial or microsomal, as these 
terms are usually defined. 3. Similarities in 
amount and development of “binding” of 
these 3 elements, and in the effects of centri- 
fugation, as well as the absence of compar- 
able binding in liver suggested that this bind- 
ing may be related to the presence of mye- 
lin. 4. The level of bound sodium decreased 
50% as a result of convulsions, with no con- 
comitant change in bromide or potassium. 
5. The significance of these observations was 
discussed. 
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Myocardial Depletion of Norepinephrine in Hemorrhagic Hypotension.* 
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Loyola University, Stritch School of Medicine, Chicago, III. 


In. shock, elevated plasma levels of cate- 
cholamines(1,2) were primarily found to re- 
sult from a highly augmented secretion from 
the adrenal medulla(3,4). These observa- 
tions prompted us to explore whether changes 
in plasma catecholamine levels would induce 
an alteration in myocardial concentration of 
epinephrine and norepinephrine. We assumed 
that these observations would be significant, 
since recent observations have correlated 
myocardial catecholamines with cardiac per- 
formance(5,6). 

Methods. Analysis of myocardial epine- 
phrine and norepinephrine were conducted 
on 2 groups of albino rabbits ranging in 
weight from 1 to 3 kg. One group compris- 
ing 12 normal rabbits were killed by a blow 
on the head. The heart was removed and a 
sample of left ventricle was weighed after the 
muscle was washed with 0.9% NaCl and 
dried on filter paper. The muscle was homo- 
genized in 10% trichloroacetic acid in a Pot- 
ter-Elvehjem tissue grinder, immersed in ice 
and water. The supernatant liquid, after re- 
frigerated centrifugation, was extracted with 
diethyl ether. The aqueous portion was di- 
luted with an equal volume of 0.2 N sodium 
acetate, and the pH adjusted to 8.2 with 0.5 
N NasCO3. The tissue extract was passed 
through an alumina (Fischer) column, which 
had previously been washed 3 times with 
tripled distilled water. Eluates from col- 
umns were analyzed according to a modifica- 
tion of the trihydroxyindole fluorescence 
method(7) with epinephrine and norepine- 
phrine standards. Reagent blanks and tissue 
blanks represented approximately 15% of 
the total fluorescence. Differentiation of 
epinephrine from norepinephrine was based 
on using Corning exciting filters of 400 mp 
and 440 mp with Wratten Filter 35. A Corn- 
ing 500 my filter with a Wratten Filter 57 
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was used for emission. Because of low trans- 
mission, interference filters for greater spec- 
tral purity were not employed. The sensi- 
tivity of our instrument was arbitrarily ad- 
justed to detect accurately 0.01 to 1.5 yg of 
epinephrine and norepinephrine. Ether ex- 
traction of homogenized heart tissue was 
found to increase fluorescence by 8%. Our 
recoveries from adding catecholamines to 
the alumina column averaged 85%. In those 
steps involving the analysis of eluates, re- 
covery of added amounts to 10 samples 
ranged 88 to 110%. The overall recovery 
for all steps of the catecholamine analysis 
averaged 82%. 

The cardiac catecholamines from the con- 
trol group were compared with those found 
in 12 rabbits subjected to hemorrhagic hy- 
potension for 3 hours at mean arterial blood 
pressures of 50 mm Hg. Under local anes- 
thesia, the femoral artery of a hind limb was 
catheterized for bleeding and for maintain- 
ing mean blood pressure. Blood pressure 
was maintained constant by elevating a 
graduated cylinder containing the initial 
bleeding volume (ay. 30 ml/kg) to a height 
equivalent to 50 mm Hg pressure. Near the 
end of the hypotensive period, 25 ml of blood 
was drawn from the artery for plasma cate- 
cholamines analysis in 4 of 12 rabbits. The 
heart was taken out for analysis after the 
animal was killed by rapidly removing with 
a large syringe, the remaining blood volume. 
An initial dose of 5 mg/kg of Heparin? was 
administered as an anticoagulant, % of the 
initial dose was repeated every hour. Periph- 
eral plasma catecholamine levels were studied 
in 4 normal rabbits from blood drawn by 
cardiac puncture. 

Results. A striking difference in myocar- 
dial content of catecholamines was found 
when normal rabbits were compared to rab- 
bits subjected to hemorrhagic hypotension 
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TABLE I. Myocardial Norepinephrine and Epinephrine in Normal and Hypotensive Rabbits. 
Speech ie CE cee, Na a elie ee a 
NONOR Control Hypotension 
rabbits ———_ (ng/g) ————— % diff. Je) 
Norepinephrine 12 IOYay <a alloys Gl. sue (a: — 84.8 <.001 
Epinephrine 12 14 + .06 24 + .06 +71.5 <.01 
* Mean + stand. error. t Calculated by Student’s ‘‘t’’ test. 
for 3 hours. The summary of data in Table plasma (Table II). The most significant 


I shows that a marked depletion of norepine- 
phrine (NE) occurred in the hypotensive 
group. Control levels averaging 1.05 + .13 
pg/g were reduced to 0.16 + .05 pg/g, a re- 
duction of 85%. This depletion of NE oc- 
curred concomitantly with a significant in- 
crease in epinephrine (E), where control lev- 
els of 0.14 + .06 ng/g were elevated to 0.24 
+ .06 pg/g, an increase of 72%. Despite the 
relatively high percentage increase in myo- 
cardial E, total catecholamine content (NE 
and E) of left ventricle was reduced to 34% 
of the normal rabbit heart. 


In 4 normal rabbits, plasma E and NE 
were present in concentrations below the 
sensitivity of analysis (<.01 pg/15 ml). 
Plasma analysis in 4 of 12 rabbits with hem- 
orrhagic hypotension averaged 1.4 pg/100 
ml for E and 0.2 »g/100 ml for NE. The 
elevated myocardial content of epinephrine 
was probably due to its high concentration in 
circulating blood(8). 

In Table II are shown myocardial NE lev- 
els in 4 additional hypotensive rabbits. These 
animals were treated, after a 3 hour period of 
hemorrhagic hypotension at 50 mm arterial 
pressure with varying doses of NE (Le- 
vophed base). Thirty minutes later, the 
hearts from these rabbits were removed for 
NE analysis after rapid exsanguination. The 
data indicate a good dose-uptake relationship 
between NE dose and level found in left ven- 
tricle. Levels of myocardial NE were also 
found to be related to the level present in 


TABLE II. Myocardial Uptake of Norepinephrine 
in Hemorrhagic Hypotension. 


Dose Heart Plasma 
Rabbit No. (ng/kg) (ug/g) (ug/100 m1) 
1 500 1.59 1.90 
2 100 93 1.10 
3 50 85 43 
4 a5 65 


21 


point which can be made for these uptake 
experiments is that myocardial depletion of 
NE in the hemorrhagic hypotensive animal 
is reversible. It also follows that the extent 
to which the myocardium will store exoge- 
nous NE depends on the dose administered, 
thus indicating that its passage into the mus- 
cle cell may simply be governed by diffusion 
rather than an active process. 

Discussion. Current reports have focused 
attention on the role of NE from sympathetic 
postganglionic nerve endings on myocardial 
function. Sarnoff(6) considers the ‘‘cate- 
cholamine stimulus” on ventricular contrac- 
tility equal in importance to the Frank-Star- 
ling relationship of end-diastolic pressure and 
fiber length. Mayer and Moran(9) reported 
that injected catecholamines augmented myo- 
cardial phosphorylase activity, which in turn 
was found related to contractile force of the 
heart im situ. Indirectly, function of the 
adrenergic transmitter has also been ascer- 
tained from studies involving its depletion by 
cardiac sympathectomy or pharmacological 
agents. These studies show the depleted 
heart to have less force of contraction, a 
slower heart rate, and a decrease in right 
atrial pressure(10,11). In view of these find- 
ings, our results on myocardial depletion of 
NE indicate that failure of this organ to 
maintain circulatory homeostasis in a pro- 
gressing state of shock will be severely lim- 
ited. The experimental design of the re- 
ported experiments does not permit us to ex- 
plain the underlying mechanism of myocar- 
dial depression in near terminal hemorrhagic 
shock(12). However, our data suggest that 
genesis of myocardial failure in this state 
could be due to NE depletion. 

Gilmore et al.(13), and Fozzard and Gil- 
more(14) reported that treatment of animals 
in hemorrhagic shock with NE will prolong 
survival. Lansing and Stevenson(15) found 
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that administration of NE in shock pre- 
vented decreases in cardiac output, which oc- 
curred in the non-treated animals with the 
progression of shock. Caliva et al.(16) 
using an electropolarographic technic, ob- 
served that NE in early shock will restore 
normal myocardial oxygen levels. These in- 
vestigators proposed that the prolonged sur- 
vival period of NE-treated animals was due 
to a cardiotonic-like action of the hormone. 
In accordance with our results, the increased 
survival time may have arisen from the up- 
take of administered NE by the depleted 
myocardium. Replenishment of the adren- 
ergic transmitter could have sustained car- 
diac contractility, thus preventing further 
decline in cardiac output. On the other 
hand, some laboratories have noted no 
change in the steady downhill course of NE- 
treated animals in hemorrhagic shock(17,18). 
The current disagreement on the therapeutic 
value of NE probably arises in comparing 
experimental results from animals in which 
NE was injected at different times during the 
course of shock. It is highly probable that 
the reported ineffectiveness of this cate- 
cholamine in prolonged shock is due to the 
entry of other factors responsible for its fa- 
ta] outcome. 

Summary. Analysis of NE and E in the 
lefce ventricle of 12 normal albino rabbits av- 
eraged 1.05 + .13 and 0.14 + .06 ng/g re- 
spectively. In 12 rabbits subjected to hem- 
orrhagic hypotension for 3 hours at mean ar- 
terial blood pressures of 50 mm Hg, myocar- 
dial NE declined significantly to an average 
of 0.16 + .05 pg/g (P<.001). Epinephrine 
levels in this group rose to an average of 0.24 
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+ .06 pg/g (P<.01). Injection of graded 
doses (500 to 25 pg/kg) of NE in hypoten- 
sive rabbits caused an elevation of myo- 
cardial NE in rough proportion to the dose 
administered and level in plasma. 
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In the course of our early studies on en- 
hancement of anaphylactic sensitivity by 
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Bordetella pertussis it was found that pro- 
teins differed in their ability to sensitize(1- 
4). Included in the group was extract of 


764 


RacweEep PoLLEN ANTIGENICITY IN MICE 


TABLE I. Effect of B. pertussis on Sensitization by Short Ragweed Pollen. 
eC 


Challenge dose c Sensitizing dose — 
B. pertussis B. pertussis B. pertussis Adjuvant 
WSR 0.5 ml Zs j 
Ragweed Day Control B. pertussis 5 mg 10% aq. =S5mgWSR Smg WSR omg WSR 
0.4 ml 10% aq. 4 0/4 0/11 
5mg WSR 5 0/10 0/10 
0.1ml10% aq. 10 0/16 
5mg WSR reinject 0/10 a 0 
J a 
5mg WSR 15 0/10 reinject aa 
1 
Idem ily reinject 0/10 3/10 8/9 2/10 
) 
y 22 0/10 


Ambrosia elator pollen, the short ragweed, 
which was found to be of limited antigenicity 
by us(5) as well as by Bukantz and Johnson 
(6). The recent literature(7,8) has indi- 
cated, however, that extracts of this and 
other pollens are capable of exciting an endo- 
toxic-like effect in the pertussis-treated 
mouse. Since previous observations failed to 
indicate such an action, the question of the 
antigenicity of short ragweed pollen extract 
was reconsidered. 

Materials and methods. Swiss-Webster 
female mice weighing about 20 g at start of 
the experiment were inoculated intraperi- 
toneally with 0.5 ml of pertussis vaccine con- 
taining about 6 X 10° phase I organisms. 
Two preparations of short ragweed pollen 
were employed; a 10% (w/v) aqueous ex- 
tract (AE) or the WSR fraction prepared ac- 
cording to the method of Sehon ef al.(9). 
Technics consisted of incorporating AE or 
WSR together with the pertussis vaccine in 
the initial inoculation followed by an intra- 
venous challenge by the homologous allergen 
on the 10th and/or a subsequent day follow- 
ing sensitization. In addition, sensitization 
by WSR alone and in Freund’s complete ad- 
juvant(10) was attempted. Finally, the ef- 
fect of WSR in mice previously treated with 
pertussis vaccine was noted. 

Results. The following observations which 
are apparent from the data in Table I were 
made: 1. Neither AE nor WSR was lethal to 
mice previously untreated. 2. Neither AE 
nor WSR was lethal to mice treated 4 or 5 
days previously with B. pertussis. A subse- 


quent inoculation with WSR was also with- 
out effect. 3. Repeated injections of WSR 
into mice on the Sth, 15th, and 22nd day sub- 
sequent to B. pertussis failed to be lethal. 
4. Incorporation of AE or WSR into the ini- 
tial sensitizing dose of B. pertussis failed to 
enhance anaphylactic sensitivity when the 
subsequent challenge was made on the 10th 
day, death being the criterion. With chal- 
lenge by WSR on the 17th day subsequent 
to. pertussis-inoculation, 3/10 deaths were 
noted. This compares with 2/10 deaths ob- 
tained on the 17th day by challenge of 
Freund’s adjuvant-treated mice. 5. A strik- 
ing secondary response was observed when 
mice were challenged with WSR on day 10 
(1/10 deaths) and rechallenged on day 17 
(8/9 deaths) following sensitization with 
pertussis-WSR. 

Discussion. In agreement with previously 
unreported results(5,6) the aqueous extract 
of short ragweed pollen was found to be a 
poor antigen for mice since no enhancement 
of anaphylactic sensitivity was obtained by 
using the pertussis-technic(1). The WSR 
fraction was also shown to be relatively de- 
void of antigenic action. However, as has 
been observed for other systems, a striking 
secondary response is apparent following a 
repeated challenge. The relationship of cir- 
culating antibody to anaphylaxis is under 
study. 

Contrary to the observations of Kind(7,8) 
for short ragweed and other pollens no endo- 
toxic-like responses were obtained in the 
mouse previously treated with B. pertussis. 
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Although it is known that mice so treated 
show an enhanced susceptibility to many 
pharmacological agents, histamine, serotonin, 
Proteose-Peptone, etc., the mechanism in- 
volved in probably specific; for other agents, 
compound 48/80, epinephrine, Bacto-Pep- 
tone, etc., are without effect. 

Summary. Short ragweed pollen extract is 
shown to be a poor antigen for mice even 
with recourse to the pertussis-technic. A 
subsequent challenge dose demonstrates a 
striking secondary response. Extracts fail 
to display any lethal effects in mice previ- 
ously treated with B. pertussis. 
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Agglutinating antibody has been demon- 
strated in human urine against several or- 
ganisms(1-5). Significant amounts of globu- 
lins have been found in normal human urine, 
and some of them were shown to be immu- 
nologically and electrophoretically similar to 
those of the serum(6-10). The present pa- 
per reports the demonstration of precipitat- 
ing antibodies in normal urine. 

Materials and methods. Patients. Two 
groups of patients with normal blood urea 
nitrogen and urine that was free of protein 
by the sulfosalicylic acid test were chosen for 
these studies. In the first group, 4 patients 
who gave a negative Schick test but whose 
serum failed to react with diphtheria toxoid 
were injected with 1.0 ml of purified diph- 
theria toxoid+ subcutaneously; specimens of 
serum and 24-hour collections of urine were 
obtained at the end of the second and third 


* Aided by a grant from Nat. Inst. Health. 

t Post-Doctorate Research Fellow, Nat. 
Health. 

$50 Lf units/ml; obtained from Div. of Biological 
Labs., Mass. Dept. Public Health. 
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weeks after the vaccination. The second 
group consisted of 11 patients convalescing 
from pneumococcal pneumonia; serums from 
these patients were tested for precipitins 
using as antigen the supernatant of a 5-day 
culture of the pneumococcus isolated from 
their own sputum or blood. Urine was col- 
lected over a period of 48 hours from each 
of those patients whose serum gave a precipi- 
tate in the ring test. 

Urine. The urines were collected in clean 
containers without preservative. Each speci- 
men was filtered through Whatman #12 filter 
paper and the filtrate was dialysed against 
running tap water at 4°C for 24-48 hours. 
Comparisons were first made of the efficacy 
of several concentration procedures which in- 
cluded: evaporation under negative pressure, 
pervaporation at 4°C and at room tempera- 
ture, ultrafiltration(11), ammonium sulfate 
precipitation(10), and lyophilization. The 
following method was chosen as the most ef- 
ficient for the purpose at hand: Immediately 
following dialysis the urines were concen- 
trated at room temperature by pervapora- 
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tion. By using Visking tubing (inflated di- 
ameter 20/32 in., wall thickness 0.0008 in.) 
and large portable fans in a walled-off en- 
closure, a 24-hour output of urine could be 
reduced to approximately 50 ml within 8 
hours. The concentrated urine was then lyo- 
philized and the resulting dry powder was 
suspended in 2 to 4 ml of barbital buffer, pH 
8.6. The preparation was kept at 4°C over- 
night, centrifuged, and the clear supernate 
was used. By this technic, a 24-hour sample 
of urine could be processed completely within 
48 to 72 hours. 

Immunological technics. Double diffusion 
in Agar gel. A modification of the Ouchter- 
lony technic described by Grasset ef al.(12) 
was employed. Glass slides, 25 & 75 mm, 
were overlaid with 4 ml of 2% agar (Difco). 
The wells were formed with Pasteur pipettes 
into which agar plugs were drawn up with a 
rubber bulb attached to the free end; these 
wells could hold from 0.01 to 0.03 ml of the 
substance to be tested. After filling the wells, 
the slides were placed in Petri dishes, the bot- 
toms of which were covered with wet filter 
paper. The dishes were covered and sealed 
with vaseline to maintain a high humidity 
and were kept at room temperature. De- 
pending on the concentrations of the consti- 
tuents being tested, precipitin lines appeared 
between 4 and. 12 hours. When urine was 
used as an antibody preparation, up to 48 or 
72 hours were necessary for complete devel- 
opment of the precipitin lines and it was 
often necessary to refill that well several 
times during the first day. 


Immunoelectrophoresis. A modification of 
the method described by Williams and Gra- 
bar(13) was used. The Spinco Model R cell 
operated with a Heathkit variable voltage 
regulated power supply, Model PS-3 was em- 
ployed. With this system, 5 large (50 & 75 
mm) or 13 small (25 75 mm) slides could 
be run in parallel. The gradient across each 
slide was maintained at 40 volts, a 2 to 3 
hour run producing satisfactory separation 
of the proteins. Large slides were overlaid 
with 9 ml of 2% agar prepared by adding 
equal volumes of barbital buffer (pH 8.6 and 
ionic strength 0.075) and 4% agar (Difco) 
in distilled water. Wells, similar to those 
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(a) (b) 
FIG. 1. Double diffusion in agar of urine (A) and 
serum (B) with rabbit anti-human globulin (0) 
and diphtheria toxoid (D). Patient was immunized 
with diphtheria toxoid. 


described above, were cut out of the agar for 
the substance to be electrophoresed. Follow- 
ing electrophoresis, longitudinal basins were 
cut out, with razor blades, parallel to the di- 
rection of electrical flow; these were filled 
and the slides placed in a humid atmosphere 
at room temperature. The precipitin pattern 
was usually established after 24 hours of dif- 
fusion and was completed in 2 or 3 days. 
Photographs of unstained slides were made 
with a modified dark field microscopy tech- 
nic(14).§ In some instances it was found 
necessary to stain the precipitin lines for 
better photographic representation; in that 
event, the preparations were first washed in 
several changes of physiologic saline for 2 
days. After staining with either Ponceau S 
or Nigrosin (Consolidated Laboratories, Inc., 
Chicago Heights, Ill.) the slides were dried at 
37°C for permanent mounting. 


The modification of Wadsworth and Han- 
son(15) was used to demonstrate the pres- 
ence of precipitates not observed with the 
standard immunoelectrophoresis. This in- 
volved diffusion of the separated material 
from an additional basin to increase its con- 
centration above the threshold for formation 
of a visible precipitate. 

Results. Diphtheria. The specimens of 
concentrated urine from 3 of the 4 patients 
immunized with diphtheria toxoid reacted 
with that antigen. The serum of each of 
these 3 patients formed very clear and dense 
precipitates, whereas only a weak precipitin 
line resulted from the reaction of the fourth 
patient’s serum and the toxoid. Fig. la il- 


§ By Mr. Leo Goodman, Mallory Inst. of Path- 
ology. 
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2d 


FIG. 2. Immunoelectrophoresis of serum and urine 

Of Same patient as in Fig. 1. A = urine; B = 

serum; C = rabbit anti-human globulin; D = 
diphtheria toxoid. 


lustrates the precipitin lines obtained when 
a urine preparation and serum from one of 
these patients were reacted with an anti- 
human-y-globulin.1 The line closest to the 
urine well showed a reaction of complete 
identity with the major line formed by the 
patient’s serum. These results are similar to 
those of Franklin(6) who reacted urine y- 
globulin and serum 7S globulin in agar with 
an antiserum prepared against Cohn Fraction 
II; 2 or 3 lines were usually present in the 


{The antisera to human y-globulin (Cohn Frac- 
tion II, provided by Protein Foundation, Jamaica 
Plain, Mass.) were prepared in rabbits by subcutan- 
eous and intramuscular injections with Freund ad- 
juvant and supplied by Dr. Ramzi Cotran, Mallory 
Inst. of Pathology. 
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case of the y-globulins prepared from urine 
and the line closest to the antigen well 
showed a reaction of identity with that 
formed by the 7S y-globulin. Fig. 1b shows 
the reaction of complete identity produced 
by the same serum and urine with diph- 
theria toxoid. 


Fig. 2 is a composite of the results ob- 
tained by immunoelectrophoresis with the 
same serum and urine. Fig. 2a shows the 
similar electrophoretic mobilities of the y- 
globulin fractions of serum and urine, and 
Fig. 2b shows that the antibodies to diph- 
theria toxoid reside in the y-globulin fraction 
of the serum. The precipitate formed by the 
interaction of urinary antibody and diph- 
theria toxoid is seen in Fig. 2c in the area 
corresponding to the electrophoresed y-globu- 
lin of normal serum. Some difficulty was en- 
countered in arranging the optimum propor- 
tions of diphtheria toxoid (antigen) and 
urine (antibody) to form a clear precipitate. 
The reinforcement technic(15) produced a 
more satisfactory precipitin line for photo- 
graphic purposes as shown in Fig. 2d. When 
the longitudinal basins were arranged to form 
a rectangle around the separated urine and 
serum proteins, as suggested by Grant(9), 
the y-globulins of serum and urine were 
found to join, showing, as with ordinary agar 
diffusion, that they are identical antigeni- 
cally. Urine and serum collected from 3 
Schick positive patients did not react with 
the diphtheria toxoid. 

Pneumococcus. Of the 11 patients con- 
valescent from pneumonia, the serum of 6 
showed a visible precipitate by the ring test. 
By capsular swelling, the pneumococci from 
2 of them were identified as type 3, in 2 
others as type 4, in 1 as type 7, and in 1 the 
pneumococcus reacted with a pool of anti- 
sera of various types and was not specifically 
identified. The samples of serum from each 
of these 6 patients gave precipitin lines with 
the crude pneumococcal antigen preparation 
(culture supernates) in the micro-Ouchter- 
lony technic. However, only the urine of the 
2 patients convalescing from type 4 infection, 
and of one who recovered from type 3 pneu- 
monia gave precipitin lines when reacted 
against the supernatant of a culture of their 
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FIG. 3. Double diffusion in agar of urine (A) and 

serum (B) with culture supernate (C) of the pneu- 

mococcus isolated from the patient and with capsu- 

lar polysaccharide (D) of the same type. The pa- 

tient was convalescing from type 4 pneumococcal 
pneumonia. 


own organism. 
3a. 

The specimens of serum and urine which 
precipitated with their respective culture su- 
pernates also reacted with the corresponding 
putified type-specific pneumococcal polysac- 
charide.|| This is illustrated in Fig. 3b. No 
reaction was discerned between any patient’s 
serum or urine and any culture supernate or 
specific polysaccharide of a different pneumo- 
coccal type. 

Discussion. In this study, although pre- 
cipitating antibody could be demonstrated in 


An example is given in Fig. 


|| The type specific polysaccharides were supplied 
in 1935 by Dr. Rachel Brown, Bureau of Labora- 
tories, New York State Dept. of Health; the type 
specific antisera were provided by Lederle Labora- 
tories. 
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the serum of each patient, it was not demon- 
strable in the urine of some of them by the 
technics used. Since total daily output of 
urinary protein varies widely(8), concentra- 
tion of larger volumes from the other patients 
might have produced positive results. If the 
antibody found in urine is derived from the 
serum, a threshold level may be necessary in 
the serum for it to be excreted or to become 
demonstrable in the urine(16). The results 
of the present study are only qualitative and 
no attempt at quantitation was made. 


Several studies of urinary antibody to spe- 
cific bacteria have been reported. Burrows 
and Havens(1) demonstrated agglutinating 
antibodies to cholera vibrio and to typhoid 
bacilli in the urine of normal volunteers im- 
munized with the corresponding vaccines. 
The cholera antibodies seemed to appear and 
disappear in the urine independently of the 
levels in the serum, peak titers occurring in 
the former 16 to 19 days and in the latter 26 
to 42 days after inoculation. Unconcentrated 
urine was used in those studies, but the ag- 
glutinins to V. cholerae were also demon- 
strated in globulin isolated from the urine. 

Naylor and Caldwell(4), working in Egypt 
with patients who had urinary shistosomiasis 
and also were urinary carriers of Salmonella, 
presented data which they interpreted as in- 
dicating that the urinary antibody was de- 
rived in part from serum but was also formed 
locally within the urinary tract. Their pa- 
tients, like those of Archer, e¢ al. in another 
study(5), had gross proteinuria, so that the 
results cannot be compared with those of the 
present study which was done in patients 
with normal urine; in the urine of such pa- 
tients they failed to demonstrate flagellar ag- 
glutinins after TAB vaccination. 

Agglutinating antibody to Leptospira has 
been found in the urine of patients during 
acute and convalescent stages of infection 
with this organism(2,3). The urines of a 
few of the patients’ studies by Stuart(2) were 
negative for protein when examined by the 
sulfosalicylic acid test, and the agglutination 
was demonstrated in voided specimens with- 
out prior concentration. Stuart considered 
urinary antibody to Leptospira to be of con- 
siderable diagnostic value because of its re- 
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markably greater species specificity when 
compared with serum of the same patients. 
The normal daily urinary excretion of pro- 
tein varies widely in different individuals and 
may be as high as 150 mg in 24 hours(6,8,10, 
17,18). Rigas and Heller(8) found the mean 
normal excretion in 24 hours of protein to 
be 39.0 mg in 17 normal subjects. The aver- 
age for albumin and globulin was 14.8 mg 
and 25.8 mg respectively, with an average 
A/G ratio of 0.51, the reverse of that found 
in normal serum. In the present study the 
total protein in the 24-hour urinary output 
of the 11 patients studied averaged 43.5 mg 
(range 23-60 mg) by the Biuret method(19). 
Electrophoretic analysis of the proteins 
present in normal urine revealed mobilities 
corresponding to those of the 5 electropho- 
retically distinguishable components of nor- 
mal serum(8). Certain of the physicochemi- 
cal and immunochemical properties of the 
biocolloids (of normal urine) have been char- 
acterized by Webb, Rose, and Sehon(7) and 
by Franklin(6). They demonstrated urinary 
proteins which were antigenically closely re- 
lated to serum y-globulins but which differed 
from them in being smaller in size. Molecu- 
lar weights of these globulins ranged from 
10,600(7) to 35,000(6). Franklin reported 
a sedimentation constant of approximately 
1.6 S for the major constituent of the y-glob- 
ulin fraction of normal human urine and 
demonstrated, by isotopic studies, that this 
constituent is derived primarily from the se- 
rum y-globulin fraction. An additional com- 
ponent corresponding to the 7S y-globulin of 
serum was also demonstrated but never ex- 
ceeded 10% of total urinary protein. This 
more rapidly. sedimenting component in- 
creased in absolute and relative concentration 
and constituted more than 75% of the total 
y-globulin fraction in 5 patients whom they 
studied; these patients who had _ pyelone- 
phritis, glomerulonephritis, or nephrosclerosis 
excreted 5 to 10 g of urinary protein per day. 
Isotopic studies(6,18) add support to the 
hypothesis that urinary y-globulins are de- 
rived from the corresponding serum fractions. 
However, Franklin was not able to demon- 
strate the presence of the low molecular 
weight globulins in the sera of patients with 
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renal shutdown in whom an accumulation of 
these proteins might be expected. It is not 
clear whether these small globulins are 
products of breakdown or stages in the syn- 
thesis of the normal serum components and 
also whether they are added to the urine after 
completion of glomerular filtration or origi- 
nate in the tissues of the urinary tract(6,18). 


Since 7S y-globulin is present in normal 
human urine it is probable that the anti- 
bodies demonstrated in the present study re- 
side in that fraction. However, Porter’s iso- 
lation of biologically active fragments with 
sedimentation coefficients of about 3.5S and 
molecular weights of 50,000 to 80,000 from 
a papain digest of rabbit y-globulin antibody 
suggests that the small globulins in normal 
urine may act as antibodies(20). 

The biological significance of the urinary 
antibodies is not clear. Since the antibodies 
in the urine of healthy persons are constantly 
diluted by the large amounts of urine, a 
marked protective effect locally seems un- 
likely. It is conceivable, however, that even 
such small amounts of specific antibodies in 
the urine might interfere with the isolation 
of certain pathogens, e.g., Leptospira(2), 
viruses(16), by their direct effect on the or- 
ganisms or by acting as opsonins. In the 
presence of gross proteinuria such as might 
accompany a febrile illness, such an effect 
may be even more likely. 

Summary. The presence of precipitating 
antibody was demonstrated to diphtheria 
toxoid in the urine of patients immunized 
with that antigen and to pneumococcal poly- 
saccharide in the urine of patients convales- 
cing from pneumococcal pneumonia. 
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The JH and 2060 viruses were originally 
isolated from cases of mild acute respiratory 
disease and have been reported to induce this 
type of illness in human volunteers(1,2.3,4). 
Recent laboratory investigations have failed 
to detect any significant antigenic differences 
between these 2 viruses(5,6), which have now 
been designated ECHO 28 by the Committee 
on ECHO Viruses(6). No additional isola- 
tions of ECHO 28 have been reported and 
its incidence has been deduced entirely by 
serological methods(5,7). The present report 
describes the isolation of 8 strains of ECHO 
28 from young adults with naturally occur- 
ring mild acute respiratory infections. 

Materials and methods. Study popula- 
tion. One hundred and one freshmen and 
sophomore medical students, 5 of whom were 
women, were enrolled as volunteers in this 
project. The range in age was from 20 to 31 
years. At approximately 6-week intervals 
throughout the academic year the total group 
was sampled as described below and served 
as asymptomatic controls. Each individual 
reported to the laboratory at the very first 
signs of acute respiratory disease, when addi- 


* This investigation was supported in part by a 
research grant from National Inst. Health, PAELSS 
Nat. Inst. Allergy and Infect. Dis.: and in part by 
grants from Abbott Laboratories and the Kuppen- 
heimer Research Fund, Univ. of Chicago. 


tional samples were taken. They returned 
2 to 3 weeks later for convalescent specimens. 

Samples. Separate dry throat and nose 
swabs were taken in duplicate. One set was 
placed in 0.5% bovine serum albumin in 
phosphate buffered saline for virus isolation. 
The second nose and throat swabs were 
placed in individual tubes of broth for bac- 
teriologic studies. A portion of the samples 
for viral study were inoculated into tissue 
cultures on the same day, and the remainder 
was frozen at -40°C. Serum specimens were 
also obtained and stored at —20°C. 

Tissue cultures. The H.Ep. 2 line was car- 
ried in our laboratory on Eagle’s medium 
(MEM) with 10% cali serum. Cultures used 
for virus isolation were maintained on 
Eagle’s medium with 5% inactivated chicken 
serum and were incubated in stationary 
slanted racks at 37°C for at least 14 days 
after inoculation. Monkey kidney tissue cul- 
tures were prepared from cells that had been 
grown in bottles, trypsinized and frozen ac- 
cording to the method of Stulberg et al.(8). 
The cell suspension, stored at —90°C, was 
quickly thawed and diluted in growth me- 
dium containing 0.5% lactalbumin, 2% calf 
serum and 0.2% SV-5 rabbit antiserum to 
provide cultures with islands rather than a 
complete monolayer of cells. These cultures 
were maintained on 50% Medium 199 and 
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50% Eagle’s medium with 0.2% SV-5 anti- 
serum. 


Human kidney cultures were prepared 
from cell suspensions preserved in the same 
manner as the monkey kidney cells. These 
cultures were grown on medium described by 
Hsiung(9) and maintained on 50% Medium 
199, 50% Eagle’s medium with 1% calf se- 
rum. The maintenance medium for both mon- 
key kidney and human kidney contained 
-03% sodium bicarbonate. To all media were 
added 100 units/ml penicillin, 100 mg/ml 
streptomycin and 1 mg/ml amphotericin B. 
After inoculation with specimens, both the 
monkey kidney and the human kidney cul- 
tures were incubated at 33°C on roller 
drums. Tissue cultures were examined 3 
times a week and maintenance medium was 
changed twice a week. Monkey kidney cul- 
tures were tested for the presence of hemad- 
sorbing viruses by the method of Chanock et 
al.(10) at 3 to 5 day intervals during the 3- 
week incubation period. 


Titration of viruses. The JH and 2060 
viruses were obtained from Dr. W. J. Mogab- 
gab, Tulane University, New Orleans, La. 
Titrations were carried out by inoculating 
into each of 2 tubes of appropriate tissue cul- 
ture 0.1 ml of 10-fold falling dilutions of vi- 
rus prepared in 0.5% bovine serum albumin 
in phosphate buffered saline. The endpoint 
was considered as the highest dilution pro- 
ducing a cytopathic effect involving at least 
20% of the cell culture within one week fol- 
lowing incubation. 

Neutralization tests were carried out by a 
modification of the method described by Mo- 
gabgab and Holmes(11). Approximately 100 
TCID;. of virus was mixed in equal volume 
with dilutions of serum, previously inacti- 
vated at 56°C for 30 minutes. After remain- 
ing at room temperature for 1 hour, the mix- 
tures were inoculated into each of 2 second- 
ary monkey kidney tissue cultures which 
were incubated in stationary racks at 33°C. 
The tubes were examined daily for the pres- 
ence of cytopathic effect. The final readings 
usually were made 4 to 5 days after inocula- 
tion. In all neutralization tests a known 
guinea pig antiserum control was included 
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TABLE I. Isolation of Viruses from Mild Acute 
Respiratory Disease. 
No. of samples No. No. 
Week of viruses identified as 
(1960) ARD Routine isolated ECHO 28 
Oct. 3 17 — 2 1 
0) 10 74 4* 2 
cael 14 — 6 4 
24 5 = 2 1 
Mail 3 — 1 — 
Total 49 74 HE 8 


* Ineludes 1 unidentified virus from routine 
sampling. 


and the virus was titrated. Neutralization 
titers are the reciprocal of the highest dilu- 
tion which prevented a cytopathic effect of 
more than 1 or 2 small foci. 

Preparation of animal antisera. Antisera 
to JH, 2060 and the prototype virus isolated 
in this study were prepared in guinea pigs by 
intramuscular inoculation of 1 ml of undi- 
luted human kidney tissue culture fluid. The 
inoculations were repeated at weekly inter- 
vals over a period of 6 weeks. The animals 
were bled 10 to 14 days after final inocula- 
tion. 

Results. The isolation of viruses from 
samples obtained during a 5-week period be- 
ginning Oct. 3, 1960 is shown in Table I. 
The first routine sampling of the volunteer 
group as asymptomatic controls was sched- 
uled for the second week of this period. All 
of the students reported except for 17 who 
had been sampled during illness in the previ- 
ous week. During the week of routine samp- 
ling 10 students reported with acute respira- 
tory infections and 74 were well. In the fol- 
lowing 3 weeks, 22 of the latter reported with 
respiratory infections. Most of these ill- 
nesses were mild, with symptoms of coryza, 
nasal congestion and sore throat persisting 
for about one week. However, one student 
was subsequently hospitalized with a diagno- 
sis of streptococcal pneumonia and 2 others 
developed infectious mononucleosis. 


Fifteen viruses were isolated, 9 in both hu- 
man and monkey kidney cultures, 6 in hu- 
man kidney cultures only and none in H.Ep. 
2 cell cultures. Eight of the 15 were identi- 
fied as ECHO 28 by neutralization tests with 
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TABLE II. Neutralizing Antibody Titers to 3 
Strains of ECHO 28 Virus in Paired Sera of Stu- 
dents from Whom This Virus Was Isolated. 


Neutralization titers 


3/Chicago/60 JH 2060 
Student - aa —~\ r ~ 
No. Acute Cony. Acute Conv. Acute Cony. 
118 8 64 8 64 8 128 
120 <8 8 <8 8 <8 8 
124 <8 > 64 16 >64 8 32 
150 1G SSRs 1605128 16 S128 
140 16 > 64 8 32 8 32 
147 <8 32 8 32 16 32 
142 <8 32 8 32 8 22 
149 8 > 64 16 64 16 64 


JH guinea pig antiserum.t One of these 
strains was selected as a prototype and desig- 
nated 3/Chicago/60. Neutralizing antibody 
titers were determined with this virus as well 
as JH and 2060 on the acute and convales- 
cent sera from the 49 students with acute 
respiratory infections. Antibody rises oc- 
curred only in sera of persons from whom 
ECHO 28 virus was isolated. Seven of the 
8 showed 4-fold or greater increases in titer 
(Table II) and titers to the 3 strains were 
very similar. Cross neutralization tests with 
guinea pig antisera and the 3 strains of 
ECHO 28 (Table III) failed to reveal sig- 
nificant antigenic differences. 

Of 7 viruses listed as unidentified in Table 
I, one was isolated in both human kidney 
and monkey kidney cultures. Six grew only 
in human kidney cultures. One of the latter 
was isolated from an asymptomatic student 
during the week of routine sampling. All 
grew more slowly than ECHO 28, although 
the cytopathic effect was similar. These vi- 
ruses were not neutralized by guinea pig an- 
tisera to ECHO 28 or to HGP(13) and are 
still under investigation. 

Discussion. Isolation of 8 strains of ECHO 
28 virus and demonstration of significant in- 
creases in antibody in 7 of the 8 persons from 
whom the viruses were isolated implicates this 
agent in mild acute respiratory infections in 
young adults. Since serological tests failed to 
reveal any further cases of infection by 
ECHO 28 it appears that the method used for 


isolating this virus was quite efficient. Previ- 


t We are indebted to Dr. J. C. Holper of Abbott 
Laboratories for the antiserum. 


ECHO 28 IsoLaTIONsS IN RESPIRATORY DISEASE 


ous reports have established the importance 
of incubating cultures on roller drums in a 
medium with a low bicarbonate concentration 
(5,6,7,12). Our results indicate that a lower 
temperature of incubation (33°C) as used by 
Tyrrell e¢ al.(13) for HGP virus is also suit- 
able for isolation of ECHO 28. This virus 
also grew well in secondary human kidney 
cultures. 


All serologic data presented here indicate 
that the 3 strains of ECHO 28 virus; JH, 
2060, and the newly isolated prototype 3/ 
Chicago/60, are antigenically very similar. 
Although tests with hyperimmune animal 
sera might not be expected to reveal small 
antigenic differences, tests with convalescent 
serum from infected humans should show a 
higher homologous titer. This was not ob- 
served. 


The isolation of 7 unidentified viruses sug- 
gests a multiple eticlogy of mild acute res- 
piratory infections during this period. 

Summary. Fourteen viruses were isolated 
from 49 volunteers presenting with symp- 
toms of mild acute respiratory disease during 
a 5-week period. A 28.6% isolation rate was 
thus obtained. Samples from 74 asympto- 
matic students obtained during this period 
yielded only one still unidentified virus. 
Eight viruses were identified as ECHO 28. 
Paired sera of 7 of the 8 subjects from whom 
this virus was isolated showed a significant 
increase in neutralizing antibody titer. None 
of the other subjects with acute respiratory 
infections demonstrated this antibody re- 
sponse. No antigenic differences among the 
ECHO 28 strains were detected by neutrali- 
zation tests employing the newly isolated 
prototype strain 3/Chicago/60, JH or 2060 
with human acute and convalescent sera or 
with hyperimmune guinea pig sera. Other 
viruses, as yet unidentified, were also isolated 


TABLE III. Cross Neutralization Tests with 3 
Strains of ECHO 28 and Their Respective Guinea 
Pig Antisera. 


-— Neutralization titers —\~ 


Guinea pig antisera 3/Chicago/60 JH 2060 
3/Chicago/60 Oe, 256 256 
JH 512 256 512 
2060 32 32 64 
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at the time ECHO 28 was prevalent. 
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The complex nature of the mixture of pro- 
teins occurring in most tissues has rendered 
their identification and characterization ex- 
ceedingly difficult. Analysis by conventional 
Tiselius technics and paper electrophoresis 
procedures have not yielded definitive results. 
The use of agar gel and starch gel (1.2) as 
supporting media for electrophoresis studies 
provides some superiority over paper in that 
more fractions have been visualized, and both 
have been successfully employed for studies 
of serum proteins. However, the applica- 
bility of these procedures to the study of tis- 
sue proteins has been limited. Voskobolno- 
kov(3) reported on the separation of liver 
proteins using agar gel and was able to iden- 
tify 13 separate moieties. Karcher, van 
Sande and Lowenthal(4) have reported on 
the separation of central nervous system pro- 
teins on agar gel in various pathological con- 
ditions. They characterized the proteins in a 
manner analagous to serum proteins and 


* This work was aided in part by a grant from 
Nat. Multiple Sclerosis Soc., New York. 


demonstrated 7 protein bands in normal 
white matter and 8 in normal brain stem, 
using a densitometer to quantitate their ma- 
terial. Eariler studies using paper electro- 
phoresis(5) had inadequately resolved brain 
proteins although Palladin and Poliakova(6) 
reported the presence of 7-8 fractions in the 
central nervous system of the cat using this 
technic. 

In this study, starch gel was used as the 
supporting medium, and the vertical electro- 
phoresis procedure(7) was adopted. This 
yielded a satisfactory separation of the pro- 
tein moiety, which appeared superior to that 
reported by the other methods mentioned. 
While this work was in progress Bailey and 
Heald(8) reported on use of horizontal 
starch-gel electrophoresis for separation of 
central nervous system proteins. They 
achieved some satisfactory delineation of the 
proteins. 

Methods. Adult rats were sacrificed by 
fracturing the spinal column with the aid of 
a heavy metal bar, and the brain was extir- 
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Stareh-gel electrophoresis of brain pro- 
teins. A. Rat brain, unperfused. B. Rat brain, 
perfused. C, Human brain, white matter. 


pated immediately. This procedure was per- 
formed usually in less than one minute. The 
brain was placed into one volume (g/ml) of 
either cold distilled Hs:O or isotonic NaCl 
and homogenized. It was found that 
both extractives yielded similar results while 
butanol extraction gave inferior separations. 
The homogenates were frozen and thawed 5 
times and then centrifuged at 2°-4°C at 
20,000  g for 60 minutes. Centrifugation 
at lower speeds (vzz. 3500 X g) yielded 
preparations which gave poor results. Fifty 
lambda of the homogenate was then placed 
in the slit of the block. Rat blood was ob- 
tained by exsanguination on a different group 
of animals and the serum run directly. 


Human material was obtained from post- 
mortem specimens, usually within 6 hours 
after death and preparation of the extract 
was the same as described above. 

The starch was obtained from Connaught 
Medical Research Laboratories, and prepara- 
tion of the gel as well as separation were 
carried out as described by Smithies(7). 

After some trials a .025M borate buffer at 
a pH 8.9 was employed for preparation of 
the starch gel and_a voltage gradient of 4.5 
volts/cm was applied across the cell. The 
sample was placed in the slit, then the block 
was covered with saran wrap after the slit 
had been overlaid with a mixture of vaseline 
and mineral oil. The apparatus was then 
placed in a 13°C incubator and run for 14-18 
hours. After fractionation was completed, 
the starch block was placed on the table and 
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cut in half in a horizontal plane and protein 
was visualized by staining with Amido black 
B and washed as described by Pert et al.(8). 

Results. Rat brain. Separations were per- 
formed on white and grey matter and corpus 
striatum, but because no qualitative differ- 
ences could be discerned between the homo- 
genates of the 3 structures, the results ob- 
tained on whole brain are shown in Fig. 1A 
& 1B as representative of the type of frac- 
tionation achieved. Perfused and unperfused 
brain are depicted in the unretouched photo- 
graph. The two types of preparation have in 
common the appearance of 2 leading bands, 
of albumin-like migration characteristics (a). 
This was demonstrated by running serum al- 
bumin simultaneously, and noting that its 
mobility corresponded to that of the slower 
of the 2 bands. Both perfused and unper- 
fused brain have in common the appearance 
of 2 bands migrating toward the cathode (d), 
presumably y-globulin-type proteins, and 
both preparations contain 4-5 bands on the 
anode side nearest the origin (c). The ef- 
fect of perfusing the brain is shown in what 
is presumably the alpha-globulin region 
where 3 close-appearing bands are seen in the 
unperfused preparation, but one of these 
bands is absent in the perfused tissue (b). 
Whether this represents hemoglobin or is re- 
lated to the perfusion technic is undeter- 
mined. Thus 11-13 bands can be separated 
and visualized in rat brain by this procedure. 

Human white matter. The fractionation 
achieved with human white matter is shown 
in Fig. 1C. There are 3 bands migrating 
toward the cathode (c), then 7-8 light-stain- 
ing bands appearing in a position analagous 
to serum albumin and alpha-globulin (a), 
and 4 bands, characterized by a heavy stain- 
ing band at about the center of the electro- 
phorogram (b). Whether this represents 
blood contamination is undetermined. In all, 
the white matter seems to separate into 14- 
15 bands compared with the 11-12 obtained 
above in rat brain. It is difficult to ascertain 
what contribution blood may make to the 
proteins visualized since perfusion of this ma- 
terial was not attempted. 

Discussion. It is apparent that human 
white matter contains only a small percent- 
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age of proteins of albumin characteristics in 
terms of mobility, and differs markedly from 
blood serum in this respect. This paucity of 
albumin in white matter has also been re- 
ported in paper electrophoresis studies(9,10), 
but the results with agar(4) demonstrated 
appreciable amounts of this type of protein. 
That these observed differences can be at- 
tributed to the two types of technics em- 
ployed seems improbable, and our data tend 
to support the results obtained on paper. The 
rat brain shows considerably more albumin- 
type protein, as well as a definite specie dif- 
ference in the number as well as mobility of 
other protein fractions. Results obtained by 
other workers with various species would in- 
dicate that considerable variations in type 
and concentration of various brain proteins 
exist between species. While this might be 
expected on the basis of an analogy with 
blood serum, it would seem that less variation 
might occur in brain, because of the basic 
neural function of the organ, and its relative 
independence of normal external conditions 
to maintain its structural integrity. Whether 
these differences may ultimately be corre- 
lated with some of the higher cerebral func- 
tion of human brain is a moot point. 

No attempt was made to quantitate the 
data as it was felt that conventional dissec- 
tion and elution technics presented a prob- 
lem which is not now too readily soluble. 
First, the thickness of the gel cannot be con- 
trolled during the cutting procedure so that 
assay of the protein by measurement of 280 
my absorbing material did not seem feasible, 
and secondly, determination of dye intensity 
by extraction of the protein from the starch 
did not seem satisfactory because of the vary- 
ing degrees of background staining along the 
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gel. Measurement of color intensity either 
by a densitometer or reflectometer has not 
been attempted as it was felt that some of the 
same criticisms applied. It would seem that 
characterization of the proteins in brain 
would be of greater significance than quanti- 
tation. Our efforts are being directed to the 
former problem. 

Summary. Starch-gel electrophoresis has 
been employed to. separate the proteins in 
human and rat brain. This technic yielded 
results superior to those attained by paper 
or agar-gel electrophoresis. Separation of 
water-soluble proteins on starch-gel yielded 
11-12 discrete protein bands in rat brain and 
14-15 bands in human white matter. Hu- 
man white matter proteins are characterized 
by low concentration of albumin-type pro- 
teins. 


1. Ressler, N., Jacobson, S., Science, 1955, v122, 
1085. 

2. Wiemer, G., Rabaeye, M., Naturwissen, 1957, 
v44, 112. 

3. Voskobolnokov, G. V., Biochemia, 1959, v24, 
3777 (Consultants Bureau Inc.). 

4. Karcher, D., van Sande, M., Lowenthal, A., 
J. Neurochem., 1959, v4, 135. 

5. Demling, L., Kinzelmeier, H., Henning, N., Z. 
Exp. Med., 1954, v122, 146. 

6. Palladin, A., Poliakova, N., Dokl. Akad. Nauk. 
SSSR, 1956, v107, 568. (Cited in Metabolism of Ner- 
vous System, Richter, D., 1957 Pergamon Priss.). 

7. Smithies, O., Biochem. J., 1959, v71, 585. 

Sar Baileyae bes Lee onmeleal da bw) auUNeUnOCHent=. 
1961, v6, 342. 

Gy ian Wolk, lov, 18, 18a, Vie \Woreky, 1s, 183, 
Sleisenger, M. H., J. Lab. and Clin. Med., 1959, v54, 
Bye 

10. Kaps, G., Arch. Psych. Z. Neurol., 1954, v192, 
ill: 


Received May 22, 1961. P.S.E.B.M., 1961, v107. 


776 


Production of Neuraminidase by L Forms of Vibrio cholerae. 
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Hospital, and Massachusetts General Hospital, Boston 


Receptor-destroying enzyme (RDE) cata- 
lyzes the release of various neuraminic acids 
from glycoproteins and is therefore a neura- 
minidase(1). Filtrates with this activity, or 
the related property. of inhibition of hemag- 
glutination by myxoviruses, have been ob- 
tained from cultures of Vibrio cholerae(2), 
Diplococcus pneunoniae(3), Clostridium per- 
fringens(4), and other bacteria(5). An en- 
zyme with similar activity is an integral part 
of the influenza virus particle(6). 

The neuraminidases of V. cholerae, D. 
pneumoniae, and influenza PR-8 virus, al- 
though possessing similar catalytic speci- 
ficity, are serologically distinct(7). The 
present paper reports that the L form of V7- 
brio cholerae also produces a neuraminidase, 
which is inhibited by antiserum to the en- 
zyme of the parent strain. 

Materials and methods. Influenza virus 
PR-§ strain in the form of infected chorio- 
allantoic fluid was used. The preparation of 
V. cholerae (strain 4 Z) and D. pneumoniae 
(type I-S) neuraminidases, and of antisera 
to these enzymes and to the influenza virus, 
has been described previously (7). 


L forms of the Vibrio cholerae were pro- 
duced by the method of Dienes(8). Fresh 
cultures were plated on nutrient agar con- 
taining 10% horse serum and _ penicillin 
(1000 units per ml). The L forms. obtained 
by this method were transferred on the same 
type of agar at weekly intervals for 4 months, 
then induced to grow in broth by layering 
10% horse serum-trypticase-soy broth (Bal- 
timore Biological Laboratories) over agar 
block cultures in Erlenmeyer flasks. The 
cultures were incubated at 37°C for 72 hours, 
with periodic shaking. L forms were identi- 
fied by the method of Dienes(8). Attempts 
to induce reconversion to the original bac- 
terial form were unsuccesful, indicating that 
the L forms were stable. The broth filtrate 
was centrifuged at 25,000 G for 2 hours in 


the cold and the supernatant fluid studied for 
neuraminidase activity. 

Virus, neuraminidase and anti-neuramini- 
dase titrations were performed by the hemag- 
glutination methods previously described(7). 
Specific neuraminidase activity was examined 
by incubation of the Vibrio L filtrate with 
highly purified a-1 glycoprotein* at 37°C for 
one hour and determination of free N-acetyl- 
neuraminic acid by the method of Warren 
(9). Total neuraminic acid was determined 
using the resorcinol method(10). 


Results. Agglutination of chicken eryth- 
rocytes by influenza PR-8 virus was inhibited 
to a 1:32 dilution by Vibrio L broth filtrate. 
Eight-fold concentration of the filtrate by 
pressure ultrafiltration(7) resulted in inhibi- 
tory titers of 1:128-1:256. 


Concentrated Vibrio L filtrate was dia- 
lyzed for 48 hours against 0.05M NaCl and 
titered for inhibitory activity in .155M sa- 
line-cacodylate buffer pH 6.8. The hemag- 
glutination titer was reduced to 1:4. Titra- 
tion of this material in calcium-borate buffer 
(11) gave titers of 1:64-1:128, indicating 
the need of the L filtrate enzyme for calcium 
ions, similar to that of the enzyme of the 
parent organism. Similarly, addition of 5% 
sodium citrate or 0.2M disodium ethylenedia- 
minetetracetic acid resulted in sharp disap- 
pearance of inhibitory activity. 

Antiserum to the neuraminidase of the par- 
ent strain of V. cholerae, neutralized hemag- 
glutination-inhibition by Vibrio L neuramini- 
dase to nearly identical levels, 1:128-1:256,. 
when titrated simultaneously against 5 he-| 
magglutination-inhibition units of the parent! 
and L form neuraminidase. Antisera to| 
pneumococcal neuraminidase and to influenza} 
PR-8 virus exhibited no inhibitory effect. No| 
attempt was made to produce antiserum to) 
the neuraminidase of the L form. 


* Kindly supplied by Dr. Edwin H. Eylar, Har-} 
vard Medical School. 
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Neuraminic acid was released quantita- 
tively from a-1 glycoprotein by incubation 
with Vibrio L form neuraminidase. Reaction 
mixtures containing 1000 pg of a-1 glyco- 
protein yielded 104 yg of neuraminic acid 
when determined by the resorcinol method 
and 114 wg when aliquots were measured by 
the Warren reaction after enzyme action. 
These results are in close agreement with the 
expected value of 110 yg, since N-acetylneu- 
raminic acid constitutes 11% of the a-1 gly- 
coprotein. Neuraminic acid was not detected 
in the Vibrio L filtrate by the resorcinol 
method. 

Discussion. The retention of various prop- 
erties of the parent strain by L forms of bac- 
teria has been noted previously. Scheibel 
and Assandri(12) were able to isolate L 
forms of Cl. tetani toxigenic for mice, similar 
to the findings of Tulasne and Lavillaureix 
(13) who studied a water-vibrio EZ-5. Kand- 
ler and Kandler(14) demonstrated retention 
of various biochemical functions by L forms 
of B. proteus and V. cholerae, although spe- 
cific enzymatic activities were not investi- 
gated. 

In the present study, the neuraminidase of 
Vibrio cholerae L form was found to be iden- 
tical in all respects with the same enzyme of 
the parent strain. Inhibition of hemagglu- 
tination by influenza virus was indistinguish- 
able from that produced by the parent strain 
and specific release of neuraminic acid from 
a suitable substrate was easily demonstrable. 
The neuraminidases of both the parent and 
L form exhibited the same dependence upon 
calcium ions for activation. Further evidence 
of the identical nature of the 2 enzymes is 
provided by the neutralization studies. Spe- 
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cific antiserum to neuraminidase of the par- 
ent strain suppressed the activity of the par- 
ent and L form enzymes to exactly the same 
degree. Absorption studies were not done. 
It is unlikely that they would have yielded 
additional information. Scheibel and As- 
sandri(12) noted neutralization of the toxin 
of Cl. tetani L forms by tetanus antitoxin. 

Summary. A stable L form of Vibrio chol- 
erae (strain 4Z) has been found to produce 
a neuraminidase capable of inhibiting hemag- 
glutination by influenza virus and of liberat- 
ing neuraminic acid from purified a-1 glyco- 
protein. The enzyme activity was neutralized 
by antiserum to the neuraminidase of the 
parent Vibrio cholerae strain. 
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Reversal of Experimental Endotoxin Shock with a Combination of 


Aldosterone and Metaraminol. 
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A combination of hydrocortisone and me- 
taraminol reversed endotoxin shock in the 
dog, which was not accomplished with either 
drug alone(1,2). This report is concerned 


with the remarkable activity of aldosterone 
and metaraminol under similar experimental 
conditions. 


Materials and methods. After equilibra- 
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tion, anesthetized adult mongrel dogs were 
given a standardized dose of E. coli endo- 
toxin; the systemic arterial pressure was 
monitored over a period of 7 hours, or until 
death occurred; and arterial pH determina- 
tions and hematocrit determinations were 
done hourly(1,2). 

Ten control animals were given endotoxin 
alone as a test of endotoxin lethality. A sec- 
ond group of 10 animals each received a dose 
of 2 mg of synthetic d-aldosterone,* and a 
third group, also of 10 animals, was given 
0.2 mg. The steroid was administered intra- 
venously in a solution of 0.1 mg/cc at that 
time when irreversibility appeared imminent. 
This stage of canine endotoxin shock is char- 
acterized by progressive hypotension, hemo- 
concentration, acidosis and oliguria or anuria. 
A fourth group of 25 dogs was treated with a 
combination of aldosterone and metarami- 
nol.t At the post-endotoxin stage of shock 
described above, 0.1 mg of aldosterone was 
injected into the femoral vein of the dog, fol- 
lowed by an infusion of metaraminol. The 
pressor drug was diluted in 5% dextrose and 
water and infused in a concentration of 0.2 
mg/cc at a rate of 40-60 drops/minute. To- 
tal amounts of metaraminol varied between 
0.1 and 5.0 mg. The pressor drug was given 
intermittently post-aldosterone in amounts 
sufficient to maintain systemic blood pressure 
between 90-100 mm Hg, or until the dogs 
showed hemodynamic stability. Serial serum 
sodium and potassium determinations were 
carried out in dogs receiving aldosterone 
alone, using the Baird flame photometer. 

Results. Control animals. A dose of 0.55 
mg/kg of endotoxin proved lethal in all 10 
animals, death occurring in an average of 
12.5 hours post-endotoxin. 

Aldosterone animals. Two of 10 animals 
given 0.2 mg of aldosterone survived. Aver- 
age survival time of the remaining 8 dogs 
was 8 hours. There were no significant al- 
terations in concentrations of serum sodium 
and potassium for 7 hours post-endotoxin. 


* Supplied by Research Dept., Ciba Pharmaceutical 
Products, Inc., Summit, N. J. 

t Supplied as Aramine Bitartrate 10% by Research 
Division, Merck Sharp and Dohme, Philadelphia, 
Pa. 
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Two of 10 animals receiving the larger 
dose of 2 mg of aldosterone survived a lethal 
dose of endotoxin. Average post-endotoxin 
survival time of animals dying was 8.3 hours. 
There was no essential change in concentra- 
tions of serum sodium in this group; how- 
ever, the animals exhibited increasing levels 
of potassium during the observation period. 
The average increase was from a control of 
44 mEq/L to a high of 6.5 mEq/L at 4 
hours post-endotoxin, in contrast to a maxi- 
mum increase of 0.4 mEq/L in those animals 
given the lower dose of aldosterone. 

These results show that survival rate of 
dogs with endotoxin shock was only slightly 
increased when aldosterone was used alone. 
The results are comparable to those obtained 
with hydrocortisone in previous studies(1). 

Aldosterone + metaraminol animals. Since 
dogs appeared to tolerate 0.2 mg of aldoster- 
one without ill effects, and since this dose did 
not significantly alter the concentrations of 
serum sodium and potassium, one-half this 
amount, or 0.1 mg, was infused into 25 ani- 
mals during the post-endotoxin period of 
shock, followed by an injection of an amount 
of metaraminol sufficient to sustain the sys- 
temic blood pressure. Sixteen of the 25 dogs 
survived. Average survival time of the dogs 
dying was 8.6 hours. Although surviving 
animals exhibited oliguria and some degree 
of hemoconcentration, only a minimal degree 
of acidosis was detected, as determined by 
blood pH. The average total amount of 
metaraminol necessary to maintain the sys- 
temic pressure was 0.8 mg, the doses varying 
between 0.1 and 5 mg as compared with an 
average dose of 42 mg required to maintain 
the pressure of dogs when metaraminol was 
used alone in previous studies(1). When 
hydrocortisone preceded the infusion of me- 
taraminol, 5.5 mg of the pressor drug was 
necessary. 

The over-all results in the 55 dogs receiv- 
ing 0.55 mg/kg of endotoxin are shown in 
Table I. 

Discussion. Extensive studies on canine 
endotoxin shock have demonstrated that the 
reversal of shock offers a more severe thera- 
peutic challenge than either pre-treatment, or 
simultaneous administration of agents with 
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TABLE I. Results in 55 Dogs Given a Lethal Dose 
of H. coli Endotoxin. 


No. of 
dogs Treatment Survivors Died 
10 None 0 10 
10.2 mg aldosterone 2 8 
10 2.0 mg aldosterone 2 8 
25.1 mg aldosterone 4+ avg of 16 9 
.8 mg metaraminol 
endotoxin. This viewpoint has also been ex- 


pressed by Weil and Miller(3). In this lab- 
oratory reversal of shock has been most suc- 
cessful when a combination of adrenocorti- 
costeroid and a pressor drug was used. It 
has been essential to infuse the steroid be- 
fore injecting the pressor drug. 

The rise in serum potassium observed with 
the larger doses of aldosterone may be re- 
lated to the severe oliguria, or anuria, and 
acidosis that characterize canine endotoxin 
shock. 

We have shown that either glucocorticoid 
or mineralocorticoid supplements the pressor 
action of metaraminol. The steroids have 2 
favorable effects when used with the pressor 
drug. First, the amount of pressor agent 
necessary to sustain the systemic pressure is 
considerably less when preceded by adminis- 
tration of steroid, especially when aldosterone 
is employed. Second, although metaraminol 
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will sustain the pressure when used alone, 
there is no significant increase in survival 
rate when compared to controls. Steroids 
not only augment the activity of pressor 
drug, but rate of survival is remarkably in- 
creased. The precise role shared by exoge- 
nous steroid is not known. The observations 
pertain only to endotoxin shock in the dog. 

Summary. Lethal shock was established 
in 55 adult mongrel dogs with a standardized 
dose of E. coli endotoxin. The shock could 
not be reversed with aldosterone or metara- 
minol when either was used alone. However, 
dogs given 0.1 mg of aldosterone required 
approximately one-fiftieth the dose of meta- 
raminol necessary to maintain systemic pres- 
sure, compared to the use of metaraminol 
alone. This action of aldosterone was about 
7 times more pronounced than that obtained 
with hydrocortisone. The nature of the con- 
tributing effect of steroid to the pressor ac- 
tivity of metaraminol and to the increased 
survival rate is not known. 


1. Spink, W. W., Vick, J., Circulation Research, 
1961, v9, 184. 

QeeVICk mS pI mew Weir OCmS OCH <Pas BIOL. 
AND MeEp., 1961, v106, 280. 

3. Weil, M. H., Miller, B. S., J. Lab. and Clin. 
Med., 1961, v57, 683. 


Received May 29, 1961. P.S.E.B.M., 1961, v107. 


Hemorrhagic Reactions at Sites of Passive Cutaneous Anaphylaxis in 
Guinea Pig after Intravenous Inoculation of Unrelated Immune Complex. 


(26753) 


M. SIQUEIRA AND O. G. BIER 


(Introduced by Zoltan Ovary) 
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A clear cut differentiation between ana- 
phylactic and Arthus-type sensitivities has 
been afforded by the quantitative studies of 
Benacerraf and Kabat(1) in the guinea pig. 
The distinguishing features of transferred 
Arthus reactions are: (a) The lack of a 
latency period, the severity of the Arthus re- 
action being the same when antigen is in- 
jected immediately, 30 minutes or 24 hours 


after the intravenous sensitizing dose of anti- 
body. (b) The requirement of greater 
amounts of antibody, viz., 400 »g ADN intra- 
venously for severe direct Arthus reactions, 
as contrasted with 30 yg, 7.e., 13 times less, 
the amount sufficient to convey systemic ana- 
phylactic sensitization. In the case of pas- 
sive reversed Arthus and of the local ana- 
phylactic reaction known as “Passive Cu- 
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taneous Anaphylaxis” (PCA), in which anti- 
body is injected intradermally and antigen is 
given intravenously, the amounts of antibody 
required for minimal reactions are, respec- 
tively, 10 and 0.003 pg AbN(1,2). (c) Non- 
precipitating rabbit antibody gives only weak 
Arthus responses, while being equally effec- 
tive as precipitating antibody in transferring 
anaphylactic sensitization. (d) On the other 
hand, horse antibody, while able to elicit 
strong Arthus reactions when injected intra- 
cutaneously in the doses of 36-72 ug AbN, 
was found entirely ineffective in producing 
PCA in the guinea pig in the same doses(3). 

This body of evidence led Benacerraf and 
Kabat(1), as well as Ovary and Bier(3) to 
conclude that Arthus and anaphylactic sensi- 
tivities had fundamentally different mechan- 
isms and did not differ only in degree. While 
this conclusion is probably correct, previous 
work(4), as well as present experiments 
strongly indicate that concomitant PCA 
plays an important role in development of the 
Arthus reaction. 


Materials and methods. 1. Antisera. The 
following antisera were employed: a) Rabbit 
anti-bovine serum albumin (anti-BSA), pools 
4, 5, and 6, containing respectively 0.640, 
0.560, and 0.405 mg AbN/ml. b) Rabbit 
anti-egg albumin (anti-Ea), pools 10, 11, 20 
and 22, containing 0.800, 0.400, 0.450 and 
0.650 mg AbN/ml respectively. c) Rabbit 
(type III) anti-pneumococcal serum (anti- 
SHI), which contained 0.700 mg AbN/ml. 
2. Antigens. Bovine serum albumin (BSA), 
crystallized, obtained from Pentex, Kanka- 
kee, Ill.; Chicken egg albumin (Ea), pre- 
pared by the method of Kekwick and Can- 
nan(5); and S///, lot 202, a purified prepa- 
ration kindly supplied by Dr. M. Heidel- 
berger. 3. Complement titrations. Com- 
plement (C’) titers were estimated according 
to the technic described in(6) in serum sam- 
ples obtained from blood (1-2 ml) drawn by 
cardiac puncture. C’3 titers were deter- 
mined with R3, as described in(7). 4. Com- 
plement fixation. Complement-fixation titers 
were expressed in terms of the amount of 
AbN required for 50% lysis in the presence 
of 5 units of C’. 5. Preparation of immune- 
complexes. Immune-complexes of different 
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composition were prepared from rabbit serum 
anti-BSA and crystallized BSA. Immune 
precipitates (IP) 1, 2, and 3 were obtained 
by mixing 2 ml of antiserum with amounts of 
antigen corresponding to 0.2, 0.5 and 1.0 the 
equivalent dose. Mixtures were allowed to 
stand overnight at 0°C and precipitates were 
washed 3 times with chilled saline. The 
amount of AbN in the precipitates was then 
determined by use of biuret reagent. 


For preparation of soluble immune-com- 
plexes (SC) 4, 5, 6, and 7, washed precipi- 
tates obtained at the equivalence zone, as 
described above, were resuspended in 2 ml 
of saline with an excess antigen correspond- 
ing to 2, 5, 10, and 40 times the equivalent 
dose. Mixtures corresponding to 2 and $ 
times excess antigen did not dissolve com- 
pletely after 24 hour incubation in the ice 
box. The AbN content of their precipitates 
was determined under the assumption that 
the ratio A/G was the same as in the original 
precipitate and the AbN content of corre- 
sponding supernatants (SC 1 and SC 2) was 
estimated by difference from total antibody 
initially present. Precipitates resuspended 
in 10 and 40 times excess antigen were com- 
pletely dissolved so that the AbN/ml of their 
supernates (SC 6 and SC 7) could be esti- 
mated on the basis of antibody content of the 
original precipitates. The AbN content per 
ml of the immune-complexes was the follow- 
ing: IP 1 — 0.354 mg; IP 2 — 0.570 mg; IP 
3 — 0.540 mg; SC 4-—0.110 mg; SC 5 — 0.330 
mg; SC 6 and SC 7 — 0.540 mg. The IP sus- 
pensions, as well as the SC supernatants were 
diluted to yield 0.100 mg AbN/ml and fur- 
ther diluted as required for the experiments. 
6. Animals and technic of injections. Guinea 
pigs of 250 + 50 g were used throughout. 
Intracutaneous injections were made into the 
skin of previously clipped areas of the belly 
with a short-beveled 26 gauge needle, first 
introduced through the skin, then reversed 
in direction so as to deposit the inoculum, 0.1 
ml, into the dermal layers. Intravenous in- 
jections were made also with 27 gauge 
needles into superficial veins of hind foot or 
of ear. 


Results. Effect of simultaneous PCA on 
passive direct Arthus reaction. To investi- 
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TABLE I. Effeet of Simultaneous PCA on Passive Direct Arthus Reactions Induced in Guinea 
Pigs by Different Amounts of Antibody from an Unrelated Immune System. 


Anti-EaN* Virgin sitet PCA sitet 
1.v. (0.05 mg EaN) (Anti-BSA) (Anti-STIT) 
ug AbN 1.5 ug AbN 1 upg ADN 
400 + 2+ 384+ 4+ 38+ 34+ 3+ 2+ 
ae See B+ 0 + 24 
200 0 0 + 24 a= Oar a2 45 
Ue as" Rees BS US os eS 
100 @ 0 0 + 24+ 384+ 4+ 
as) 0 0 3- aqe © 
50 Oa) 0 0 + 2+ 34+ 3+ 
0 0 0 0 ee yak ae 
25 ) © 0 0 + 2+ 2+ 3-4 
@ © 0 0 a+ 38+ 38+ 0 
12 Oe ea) a a ep owe gic 
0 0 0 0 @ 444 46 Que 
6 0 oO 0 0 + + 2+ 3-4 
0 0 070 = era 
3 enh) mene cee Ue eT, 
0 OO 0 0 0 0 0 0 
0 0 0 0 0 > gue ae 


* Mixed with 0.2 mg BSA or 0.1 mg SIII. 


+ All reactions graded are of the Arthus type. 
responding vertical columns, at virgin and PCA 


bext))s 


gate whether concomitant PCA had any ef- 
fect on direct Arthus reactions elicited by un- 
related immune system, guinea pigs were in- 
jected intradermally (PCA site) with 1.5 pg 
anti-BSA N (or 1.0 wg anti-SIII N) and 1 
hour later received Ea intracutaneously at a 
virgin site and a mixture of anti-Ea + BSA 
(or SIII) by the intravenous route. Animals 
were killed 2 hours after challenge and the 
diameter of reactions measured on the inter- 
nal side of skin. Intensity of reactions was 
graded as 4+ (more than 20 mm diameter), 
3-4 (15-20 mm), 2+ (10-15 mm) + (5-10 
mm), + (less than 5 mm), and 0 (no reac- 
tion). The data summarized in Table I 
show that severe hemorrhagic reactions de- 
veloped at site of injection of Ea (virgin site) 
only in the animals sensitized with 0.400 mg 
anti-EaN. Strong reactions appeared, how- 
ever, at the PCA site (anti-BSA or anti-SIT1) 
with amounts of the Arthus-producing anti- 
body as little as 0.012 or even 0.006 mg ADN. 

Development of hemorrhagic reactions at 
PCA sites after iv. inoculation of unrelated 
immune complex. The foregoing experiment 
suggests that Arthus-producing antigen in- 


Reactions recorded in horizontal rows in cor- 
sites, were produced in the same animal (see 


jected into virgin site was partly absorbed 
and formed complexes with its corresponding 
antibody in circulating blood, which selec- 
tively localized at PCA site. Following ex- 
periments were performed to check this in- 
terpretation. In a first series of experiments 
(Table II), different amounts of a soluble 
immune complex prepared with Ea/anti-Ea 
were mixed with BSA and injected intrave- 
nously into animals previously sensitized 
with anti-BSA by the intradermal route. 
Vice versa, BSA/anti-BSA was mixed with 
Ea and injected intravenously in guinea pigs 
previously sensitized with anti-Ea. 

In a second series of experiments (Table 
III), BSA/anti-BSA complexes of different 
composition, corresponding to excess anti- 
body, equivalence, and excess antigen, were 
mixed with Ea and injected intravenously in 
animals previously sensitized with anti-Ea. 
In both series of experiments, hemorrhagic 
reactions (2 or 3-+-) developed at PCA sites 
with amounts of intravenously injected com- 
plex corresponding to relatively low levels of 
antibody (cf. Tables II and III). 

Parallelism between hemorrhagic reaction, 
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TABLE II. Hemorrhagic Reactions Induced by Soluble Complexes of Ea/Anti-Ha at PCA 
Sites from BSA/Anti-BSA and Vice versa. 
= eer ae = Le ee 
Hemorrhagic reactions at PCA sites 
AbN/ml of 


immune complex Anti-BSA Anti-Ea 
Ea/anti-Ea 
100 4+ 3+ 0 2+ + 38+ 
25 + 2+ 2+ 3+ 
12 + 2+ 3+ 34 
6 3+ 4+ 2+ 0 
BSA /anti-BSA 
100 3 3-— 0 CE QO 2+ -3+ 
25 2+ + 44+ 3+ 
6 ails. Miese Uap) weer 


1 ml of soluble complex inj. i-v. together with PCA antigen 2 hr after intradermal sia, Orel 
ug AbN of PCA antiserum. Each reaction corresponds to a separate animal. 


TABLE III. Hemorrhagic Reactions Induced at 
PCA Sites by Intravenously Injected Immune-Com- 
plexes of Different Composition. 


AbN/ml of 
immune ug AbN for 
complex, ug fixation of 


Amt of anti- 
gen in rela- 


Immune- tion to equiy- 4 from 5 
complex alentdose 100 25 6.25 C’Hso 
TP 1/5 2+ 34+ 4 22 
2+ 2+ 0 

TPe2 1/2 + -—-— 0 18 
3+ 8+ + 

TPS 1 + + 4 18 
+ + + 

SC 4 2 2+ 2+ + .66 
B+ 2+ 4+ 

SC 5 5 Yee se @ 87 
dee cee se 

SC 6 10 Bo OO 
+ 2+ 0 

SC 7 40 0) 2-5 == 84 
+) ce. 0 


1 ml of immune-complex inj. intrav. together 
with 0.1 mg EaN 2 hr after intradermal inj. of 1 
ug anti-EaN. Each reaction corresponds to a sep- 
arate animal. 
carbon granulopexis and dye accumulation. 
Two different phenomena occur at PCA sites 
—the diffusion of intravenously injected dye 
as a consequence of increased permeability 
of minute vessels and increased accumulation 
of colloidal particles (granulopexis) resulting 
from stimulation of endothelial cells by local 
liberation of histamine(8). 

It was deemed of interest to investigate 
whether by using 3 different indicators, viz., 
immune complex, Geigy Blue or colloidal 
carbon,* parallel results would be obtained. 
This is clearly shown in Table IV, either in 


relation to the dose of PCA-eliciting anti- 
body, or in regard to time after challenge 
with PCA antigen. 

Discussion. The data presented here show 
that severe hemorrhagic reactions (2 to 3+) 
of the Arthus type develop in the guinea pig 
skin at PCA sites induced by an unrelated 
immune system with amounts of intrave- 
nously injected antibody as low as 6 »g AbN 
(Table I). The occurrence of severe Arthus 
reactions after intravenous sensitization with 
large amounts of antibody followed by in- 
tradermal injection of antigen(1) may be as- 
sociated to the rapid anaphylactic sensitiza- 
tion obtained with such amounts as 0.400 mg 
AbN. According to Ovary and Osler(8) the 
latent period for whole skin sensitization 
after intravenous inoculation of 0.500 mg 
ADN is reduced to 1 hour, so that the 2 hour 
period allowed for development of Arthus 
reaction in the guinea pig would be sufficient 
to include participation of a PCA reaction at 
the site of intradermal injection of Arthus- 
eliciting antigen. As the amount of intra- 
venously injected antibody is decreased, the 
latent period for general sensitization be- 
comes progressively greater, e.g., 4 hours for 
a dose of 0.250 mg AbN(9). By this time 
the intradermally injected antigen may have 
been absorbed from the skin depot and 
formed immune complexes, which are quickly 
cleared from the blood stream. These com- 
plexes may, however, localize at PCA sites 


* India ink. Lot C11/1431a, with particles of ap- 
proximately 250 A in diameter, obtained from Giin- 
ther-Wagner, Hannover, West Germany. 
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TABLE IV. Parallelism between Dye Accumulation, Carbon Granulopexis and Hemorrhagie Reaction In- 
duced by Soluble Immune Complex at PCA Sites in Guinea Pigs. 


(A) In relation to dose of PCA antibody 


Anti-BSA N 
intrader- Hemorrhagic reactions 
mally, we* by immune complex Dye accumulation Carbon granulopexis 
IO 0 2+ 38+ 34+ 4+ 44 44+ 44 38+ 38+ 44 £44 
oa oe i mere ts i I oe ne Re Sa gh Mae Se te 5 
£05 0 0 0: he. 0 2 oe ae 0 eet eee 0) 
01 0 0 0 0 0 0 0 0 0 0 0 == 


* 


.2 mg BSA iv. 2 hr later together with .5 ml .5% Geigy Blue, 8 mg colloidal earbon/100 g 


body wt or 400 yg EaN/100 wg anti-EaN. Reactions read 2 hr later. Hach vertical line corres- 


ponds to an individual animal. 


(B) In relation to time after inj. of PCA antigen 


Min. be- 

tween l.y. Hemorrhagic reactions 

injectionst by immune complex Dye accumulation Carbon granulopexis 
0 seieees 34> 44~14-- ak Meee ae ine oe ag me oe 
15 Se) eee ee ee ees ea aq) ea e384 8384-3 a a tay lee “a 
30 aes Se aes ie i Oe 0 ae 0 Oe eet ee Oe 0 0 FO ee 08s 0 
60 Yb ) WW 2585 a5 oO @O  @ @ @ 


t Guinea pigs sensitized with 1 wg anti-BSA N intradermally and inj. i.v., 2 hr later, with 0.2 mg 
BSA N. Immune complex (Ha/anti-Ea), dye or colloidal carbon, inj. at intervals specified above. Reac- 
tions read 2 hr after last intray. inj. Each reaction corresponds to an individual animal. 


and there elicit hemorrhagic reactions (Table 
ae 

The effectiveness of horse antibody in re- 
gard to the Arthus reaction is in apparent 
contradiction to its inability to promote 
PCA. However, as demonstrated by Osler 
et al.(10), horse anti-pneumococcus serum is 
only less active than rabbit antiserum both 
in regard to C’ fixation, and in conferring 
PCA to the rat. This is in agreement with 
the observations of Benacerraf and Kabat 
(1) that dircet Arthus reactions induced by 
horse antibody in the guinea pig skin are 
considerably less severe than those caused by 
equal weight of rabbit antibody. 

In the experiments reported by Ovary and 
Bier(3), in which 36-72 »g AbN correspond- 
ing to 0.1-0.2 ml undiluted horse typhoid se- 
rum were injected intradermally, challenge 
with antigen plus Geigy Blue was delayed 
until 8 hours later to avoid non-specific effect 
of concentrated serum and negative PCA re- 
sults were observed. While it is generally 
admitted that horse antibody does not fix on 
the guinea pig skin, the possibility can not 
be excluded that large amounts of horse anti- 
body will induce immediate and transitory 
PCA sensitivity. However, demonstration 


of this specific anaphylactic sensitivity is not 
feasible on technical grounds because of the 
simultaneous non-specific irritating effect of 
concentrated or undiluted horse serum. 

From the evidence that concomitant PCA 
enhances the noxious effect of immune com- 
plex it does not follow that the local anaphy- 
lactic reaction is a necessary prerequisite for 
development of the Arthus reaction. It is 
noteworthy, however, that the ability of sol- 
uble immune complexes and of aggregated 
gamma globulin preparations to induce hem- 
orrhagic reactions after single intracutaneous 
injection in the guinea pig(11) parallels their 
activities in promoting C’ fixation, as well as 
in eliciting local accumulation of dye. Ex- 
periments are under way on the behavior of 
aggregated gamma globulin, from various 
species as to their abilities to induce hemor- 
rhagic reactions at PCA sites when inocu- 
lated by the intravenous route. 

Summary. Experimental evidence is pre- 
sented pointing to the prime importance of 
simultaneous anaphylactic sensitivity in de- 
velopment of hemorrhagic reactions of the 
Arthus-type in guinea pigs. A final conclu- 
sion as to the mechanism by which the local 
anaphylactic reaction enhances endothelial 
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damage by intravenously injected immune 
complex requires further study. 


We are indebted to Dr. Z. Ovary for his valuable 
suggestions in preparation of this manuscript. 
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Riboflavin-5’-phosphate or flavin mononu- 
cleotide (FMN) is an essential coenzyme 
form of the vitamin, riboflavin, and occurs 
widespread in plant and animal organisms 
(1). However, scanty information is avail- 
able on the ability of animal tissues to syn- 
thesize FMN from riboflavin. It was sug- 
gested that intestinal mucosa is the site of 
this conversion within the mammal(2) by 
either a transphosphorylation catalyzed by 
non-specific alkaline phosphomonoesterase (3) 
or a phosphorylation requiring adenosine-5’- 
triphosphate (ATP) and the specific flavoki- 
nase(4). With the recent partial purifica- 
tion and characterization of flavokinase from 
rat liver(5), the ability of a mammalian tis- 
sue other than intestine to form the coenzyme 
in situ has been demonstrated. In this work, 
the recognition of interfering phosphatases 
which hydrolyze FMN, thereby decreasing 
formation of FMN with flavokinase in vitro, 
has led to the current assessment of these en- 
zymes in animal tissues. This report dem- 
onstrates that several rat tissues possess 
favokinase, and the level of apparent activ- 


* Supported by N.I.H. Research Grant and by the 
State University of New York. 


ity is markedly suppressed by phosphatases 
which are maximally active at pH 5. 


Methods. Female, 200 g Sprague-Dawley 
rats were sacrificed by rapid decapitation and 
exsanguination. Tissues were excised, rinsed 
and homogenized in 4 volumes of cold, 0.05 
M potassium phosphate buffer, pH 7. Ho- 
mogenates were centrifuged in the cold at 
18,500  g for 30 min to obtain the super- 
natant solutions. Protein was determined by 
the method of Lowry ef al.(6). 


Mixtures for determining flavokinase ac- 
tivity contained: 10+ M riboflavin, 10° M 
ATP, 104 M Zn**, 0.075 M potassium phos- 
phate buffer, pH 8, and 1 mg of protein in 
5 ml total volume. Trichloroacetic acid was 
added to stop the reaction before and after 
incubation was carried out in the dark at 
37°C for 1 hr. The product, FMN, was de- 
termined by Kearny’s adaptation(7) of the 
differential extraction method of Burch ef al. 
(8). In addition, the product remaining 
after removal of excess riboflavin with ben- 
zyl alcohol was applied to Whatman No. 1 
paper and the spots detected under U.V. light 
following development in ascending n-butyl 
alcohol/acetic acid/water (4/1/5, upper 
phase). Rf values agreed with those reported 
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TABLE I. Distribution of Flavokinase and the 
Masking Effect Due to Phosphatases. 


— A myumoles FMN*——, 
Apparent formation 


Tissue Extrae- Chromatog- Maximum 
supernatant tion(8) raphy(9) hydrolysist 
Liver 14 ++-+-+ 88 
Kidney 9 ++-—+-+ 90 
Brain 4 f+ +t 76 
Spleen 2, ++ 74 
Heart att + dL 
Intestine (small) <1 — 40 


* Values represent avg of 3 to 5 animals with 
S.D. <25%. 

t+ 10*m FMN replaced riboflavin and ATP under 
conditions used for kinase assays with 10-*m Zn*+ 
and 0.075 M potassium phosphate buffer, pH 8. 


for FMN(9), and no other flavin products 
could be detected. 

In determining phosphatase activity under 
conditions optimal for flavokinase, incuba- 
tion mixtures contained 10* M FMN in 
place of riboflavin and ATP. Under opti- 
mal conditions for the phosphatase, 0.5 mg 
of protein in 10* M FMN and 0.075 M po- 
tassium acetate buffer, pH 5, was incubated 
for 30 min. Hydrolysis of FMN was mea- 
sured by the differential extraction procedure 
(8) and by liberation of inorganic phosphate 
using the method of Fiske and Subbarow 
(10). 
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FIG. 1. pH optimum for hydrolysis of FMN by 
phosphatase from rat liver. 5 ml incubation mix- 
tures contained: 10*m FMN, 0.5 mg protein, and 
0.075 mM buffers of glycine-HCl (©), potassium ace- 
tate (@), tris-maleate (A), or tris-HCl (A). 
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Results. The distribution of flavokinase 
within rat tissues and the significant mask- 
ing effect of phosphatases under conditions 
used to assay the kinase are shown in Table 
I. Liver appears to contain relatively high 
kinase activity which is present in decreas- 
ing amount in extracts from kidney, brain, 
spleen, heart, and intestine, respectively. All 
of the measurable kinase activities may be 
increased several fold when account is taken 
of the extensive hydrolysis of FMN which 
is possible under these assay conditions. 

The optimum for hydrolysis of FMN un- 
der conditions where rate is approximately 
zero-order (excess substrate) is near pH 5, 
as shown in Fig. 1 for the liver phosphatase. 


TABLE II. Hydrolysis of FMN by Phosphatases 


at pH 5. 

Tissue mumoles EMN 
supernatant* hydrolyzedt 
Kidney 345 
Liver 252 
Spleen 232 
Brain 210 
Heart 152 
Intestine (small) 135 


* Preparations containing 0.5 mg protein were 
those used in Table I. 

+ The same relative order of activities was found 
using whole homogenates. 


p-Nitrophenylphosphate behaves similarly as 
substrate with the same pH optimum and 
approximately the same rate; however, FMN 
is much more readily hydrolyzed than adeno- 
sine-5’-monophosphate > a- or {£-glycero- 


phosphate >  fructose-6-phosphate. Other 
tissues examined (Table II) possess the 
FMN _ phosphatase activity in varying 


amounts with kidney extracts showing the 
greatest specific activity. 


Discussion. ‘The occurrence of flavokinase 
in several rat tissues, e.g., liver, kidney, brain, 
spleen, and heart, in addition to its previ- 
ously reported presence in_ intestine(4), 
would support the belief that this enzyme 
may play an important role in maintaining 
adequate flavin coenzyme levels in this mam- 
mal(5). Intestinal synthesis of FMN is 
probably not the sole means for supply to 
the other organs. Moreover, the presence 
of masking phosphatases may account for 
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the low activities of kinase measured in ex- 
tracts from animal tissues. Hydrolysis of 
FMN by spleen homogenates has been noted 
previously(11). The physiological  signifi- 
cance of the pH 5 phosphatase may be to 
maintain a check on the intracellular level of 
FMN. This phosphatase is relatively spe- 
cific as little activity is found with several or- 
ganic monophosphates tested as substrates. 
More extensive examinations of the partially 
purified enzyme are being made. 

Summary. Flavokinase is present in ex- 
tracts from several rat tissues with activ- 
ity in liver > kidney > brain > spleen > 
heart. Phosphatases, maximally active at pH 
5, partially mask the kinase activity in these 
extracts. It is concluded that synthesis of 
FMN occurs in several organs rather than 
intestine alone. 


CoRONARY FLOW 


1. Beinert, H., in Boyer, P. D., Lardy, H., Myr- 
back, K., (Editors), The Enzymes, Academic Press, 
Inc., 2nd ed., 1960, v2, 338. 

2. Yagi, K., J. Biochem. (Japan), 1954, v41, 757. 

3. Yagi, K., Okuda, J., Nature, 1958, v181, 1663. 

4. Englard, S., Fed. Proc., 1952, v11, 208. 

5. McCormick, D. B., ibid., 1961, v20, 447. 

6. Lowry, O. H., Rosebrough, N. J., Parr, A. R., 
Randall, R. J., J. Biol. Chem., 1951, v193, 265: 

7. Kearney, E. B., Englard, S., zbid., 1951, v193, 
821. 

8. Burch, H. B., Bessey, O. A., Lowry, O. H., zbid., 
1948, v175, 457. 

9. Kilgour, G. L., Felton, S. P., Huennekens, F. M., 
J. Am. Chem. Soc., 1957, v79, 2254. 

10. Fiske, C. H., Subbarow, Y., J. Biol. Chem., 
1925, v66, 375. 

11. Crammer, J. L., Nature, 1948, v161, 349. 


Received May 31, 1961. P.S.E.B.M., 1961, v107. 


Distribution of Blood Flow to the Canine Heart.* (26755) 


Lioyvp D. MacLean,t Paut H. HEDENsSTROM AND YouNG Sonc Kim 
Surgical Research Laboratory, Ancker Hospital, St. Paul, and Department of Surgery, University of 
Minnesota, Minneapolis 


Total blood flow to an organ can be mea- 
sured by several methods. The distribution 
of blood or regional flow within an organ is 
more difficult to quantitate. In the present 
investigation radioactive microspheres were 
used to measure regional distribution of 
blood in the myocardium of the dog and to 
estimate the size and volume flow through 
intercoronary anastomoses and arteriovenous 
shunts. 


Methods. The method used is a modifica- 
tion of the technic of Prinzmetal et al.(1) 
developed by Grim and Lindseth(2). In 
these experiments glass microspheres, 20 p 
in diameter, rendered radioactive by the con- 
version of some of the Na?’ content of glass 
to Na** by neutron bombardment, were in- 
jected into the coronary arteries of the dog. 
With the reasonable assumption that the 


* Supported by grants from Minnesota Heart Assn. 
and USPHS. 
t Markle Scholar in Medical Sciences. 


spheres are distributed at arterial bifurca- 
tions in the same proportion as is the blood, 
the fraction of the injected spheres which 
passed through arteriovenous anastomoses 
could be quantitated by collecting all venous 
drainage and counting it in a scintillation 
counter. Likewise, since those spheres that 
remained behind in any particular tissue pre- 
sumably did so because they lodged in ves- 
sels smaller than the diameter of the spheres, 
the “sphere count” recovered from this tissue 
would provide a measure of flow through ves- 
sels smaller than the spheres. If the spheres 
were small enough to pass through all arte- 
riovenous shunts except capillaries, the radio- 
activity of the tissue would be a measure of 
tissue capillary flow. For the purposes of the 
present study tissue blood flow refers to flow 
through vessels 20 » or smaller. This in- 
cludes all true capillaries (less than 12 ,) 
and capillary-like vessels(16-20 ,). 

The fraction of spheres which entered the 
myocardium supplied by the anterior de- 
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scending branch of the left coronary artery 
after ligation of this vessel would provide a 
measure of flow through intercoronary anas- 
tomoses at least the size of the spheres used. 

Preparation of microspheres. Glass micro- 
spheres? ranging in size from 5 to 200 » were 
fractionated into homogenous samples by 
multiple elutriations. The spheres were sub- 
jected to neutron bombardment in the atomic 
pile at Oak Ridge National Laboratory. A 
small group of spheres was suspended in a 
flask of 1.5% gelatin. The mixture was 
stirred to keep the spheres in suspension. 
Ten to 20 wl of the suspension containing 
between 500-1000 spheres were drawn into 
a short section of polyethylene tubing and 
radioactivity within the tubing measured in 
a scintillation counter both before and after 
delivery to the dog. 

Preparation of animal. Adult, mongrel 
dogs of either sex, anesthetized with sodium 
pentobarbital (33 mg/kg) and heparinized 
with 1.5 mg/kg, were used. The right caro- 
tid artery was exposed and cannulated with 
a polyethylene catheter which was advanced 
via the brachiocephalic artery into the as- 
cending aorta. This catheter was used for 
coronary artery perfusion and for injection 
of the radioactive microspheres. Tapes 
were placed about the superior and _in- 
ferior vena cavae and brachiocephalic artery. 
The azygos vein was ligated. The aortic 
arch was dissected to permit placement of an 
occluding clamp on the aorta immediately 
distal to the brachiocephalic artery. 

At the beginning of experiment inflow, oc- 
clusion was established by drawing tight the 
tapes about the vena cavae. The tape about 
the brachiocephalic artery was tightened 
onto the catheter within its lumen. Perfu- 
sion via the catheter placed in the ascending 
aorta was started after 4 or 5 cardiac cycles. 
Heparinized blood at 38°C was injected from 
a calibrated siliconized glass cylinder with a 
pressure of 135 mmHg. Blood was collected 
from the right ventricle and coronary sinus 
by inserting a catheter via the right atrial 
appendage into the right ventricle. Holes 
were present in the catheter so that drainage 


t Kindly supplied by Dr. John Ryan, Minnesota 
Mining and Manufacturing Co., St. Paul. 
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from both ventricle and atrium was assured. 
When coronary flow in the beating heart was 
well established and after the aorta was 
clamped distal to the brachiocephalic vessels, 
the radioactive microspheres were injected 
into the perfusion catheter. Perfusion was 
continued for several minutes and volume 
flow was noted. Following this, perfusion 
was discontinued, all luminal blood was col- 
lected, and the heart was removed and 
weighed. The heart was divided into right 
ventricle, left ventricle supplied by the an- 
terior descending coronary artery, left ven- 
tricle supplied by the circumflex artery and 
the septum. The ascending aorta, pulmonary 
artery, venous drainage from the heart and 
the catheters used were separately labelled 
for counting. All tissue was divided into 2 g 
samples and placed into glass vials. Radio- 
activity of all samples was determined using 
a well scintillation detector. In some ex- 
periments the left anterior descending 
(L.A.D.) artery was cannulated. Perfusion 
and sampling was carried out otherwise as 
described. 


The distribution of microspheres through- 
out the heart was determined. Total flow to 
the heart was measured from the fall in the 
calibrated reservoir over a timed period. 
From these 2 measurements flow in ml/g/ 
min was calculated for specific anatomic re- 
gions. Only experiments in which at least 
95% of the injected spheres were recovered 
are reported. 

Four types of experiments were per- 
formed: (1) Total perfusion of the normal 
dog heart; spheres 20 » in diameter—3 dogs. 
(2) Perfusion of the dog heart with left an- 
terior descending coronary occlusion; spheres 
20 uw in diameter—7 dogs. (3) Perfusion of 
the left anterior descending coronary artery; 
spheres 20 » in diameter—7 dogs. (4) Per- 
fusion of the left anterior descending coron- 
ary artery; spheres 50 » in diameter. 

Results and discussion. The results are 
illustrated in Tables I to IV. In the normal 
dog heart microspheres 20 » in diameter were 
distributed uniformly throughout the myo- 
cardial mass. Hence, the calculated mean tis- 
sue blood flow to the right ventricle was 1.36 
ml/g/min, to the distribution of the L.A.D. 
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TABLE I, Fractional Distribution of 20 ~ Spheres in Normal Dog Heart with Caleulated Blood 
Flows. 
Se EEE 


Fraction of spheres recovered Total Flow, ml/g/min. 
Exp. flow, A/V i 
No. R.V. L.A.D. S.&C. R.A. L.A. ml/min. shunts R.V; LAD. S&C. R.A. LA. 
1 Al Alb amy de fe 83 6.0% 1.4 1.4 1.8 48 = .85 
2 A) AY) 41 .04 .03 60 3.0% Wea 1.5 1.32 40 = .85 
3 ey gil? 49 03 .03 103 4.0% ABH .60 66 45° 45 
Mean .26 .16 48 03 .03 4 % Tea — AGI 1.26 44 58 


R.V., right ventricular myocardium; L.A.D., myocardium supplied by left anterior descend- 
ing coronary artery; S., septum; C., myoeardium supplied by circumflex artery; R.A., right at- 


rium; L.A., left atrium; A/V, arterio-venous, 


1.17 ml/g/min and to the septum and cir- 
cumflex distribution 1.26 ml/g/min. Four 
percent of total flow passed through arterio- 
venous shunts 20 » or greater in diameter. 
The distribution of spheres was: right ven- 
tricle 26%; myocardium supplied by the 
L.A.D. 16%; the myocardium supplied by 
the circumflex and the septum 48%; the 
right and left atria 3% to each. 

There was a marked decline in number of 
spheres which reached the myocardium sup- 
plied by the L.A.D. after ligation of this ves- 
sel (Table II). Instead of 16% of total 
spheres injected (tissue flow of 1.17 ml/g/ 
min) reaching this area of myocardium, only 
3% of total flow or .29 ml/g/min reached 
this area. It is assumed that they traversed 
intercoronary anastomoses 20 » or greater in 
size. 

Approximately 80% of 20 mw spheres re- 
mained in the distribution of the L.A.D. 
when this vessel was perfused. Twenty per- 
cent of the total spheres injected passed via 
communications 20 y or greater in size: 3.0% 
via arteriovenous shunts to the coronary si- 
nus or lumen of the right ventricle; and via 
arterial collateral circulation 6% to the right 


ventricle, 8% to the septum, and 3% to the 
myocardium supplied by the circumflex ar- 
tery (Table III). 

A very similar distribution existed when 
50 » spheres were injected into the L.A.D. 
artery (Table IV) hence it may be concluded 
that the interarterial and arteriovenous 
shunts that exist are greater than 50 » and 
that very few communications between 20 
and 50 p exist. 

Microspheres were never found in the lu- 
minal blood of the left ventricle indicating 
competence of the aortic valve in Exp. 1 and 
2. This finding casts some doubt on the ex- 
istence in the dog of left arterioluminal 
shunts. These vessels, described by Wearn 
(3), are believed capable of shunting blood 
either into or from the ventricular lumens 
and thereby provide a potential source of col- 
lateral flow to ischemic muscle. Further- 
more, all arterioluminal and arteriovenous 
shunts on the right side do not appear to ex- 
ceed 5% of total flow. 

This method provides a quantitative mea- 
surement in the heart of flow via arterial col- 
laterals and arteriovenous shunts. The size 
of the vessels in question can be precisely de- 


TABLE II. Total Perfusion Dog Heart with L.A.D. Coronary Artery Occlusion Injection Glass 
Microspheres 20 y in Diameter. 


Fraction of spheres recovered Total Flow, ml/g/min. 

Exp. flow, A/V 
No. R.V. L.A.D. S.&C. R.A. L.A. ml/min. shunts Rav LAG. BSrei Cae Re Acme Ae 
5 BE O1 .60 03 04 73 4.0% 1.20 03 1.50 46 ~- .35 
6 21 .02 08 OS a0 93 4.0% .67 aly) 85 86 61 
7 ~~ .28 01 .60 06.04 43 1.0% 44 .02 34 36 = .28 
8.25 .08 56 03.05 118 3.0% 2.20 Oe, 2.38 1.04 1.43 
eB} .02 64 02 .06 72 3.0% 1.50 23 1.51 72 ~=1.00 
10 18 .02 74 02 .02 108 2.0% 1.55 30 2.47 73 a{fal 
11 Pa Re) .05 .69 x0) er 05) 130 2.0% 74 28 1.20 08 86 
Mean .23 03 63 04 .05 2.6% 1.18 29 1.46 COM enna 
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TABLE ITT. Perfusion L.A.D. Coronary Artery Injection Glass Microspheres 20 u in Diameter. 
en ee Breen ent eee ere eens 


Fraction of spheres recovered 


Flow, ml/g/min. 


Total flow, A/V 

TBSGe INOS —ARNGg) WUE), Sh. C. ml/min. — shunts IW, IASI, «RI, C. 

29 .06 86 04 01 60 3.0% 27 2.60 24 0 
. . — a — . if 
30 OL 92 .02 .02 20 3.0% OL 72 .03 04 
31 07 82 04 £05 33 2.0% .26 1.40 13 12 
32 02 83 08 .03 20 4.0% .02 68 oilil 01 
33 05 66 21 04 115 4.0% 21 1.40 83 16 
34 10 13 06 07 48 4.0% .08 62 14 .06 
35 09 73 13 .02 65 3.0% .23 1.56 .06 .02 
Mean .06 aes) .08 .03 3.3% alli 1.3 .22 07 


TABLE IV. Perfusion L.A.D. Coronary Artery Injection Glass Microspheres 50 uw in Diameter. 
a a aa 


Fraction of spheres recovered 


Total flow, 


A/V Flow, ml/g/min. 


Hip. Nos RV. L.AGD. 8S: C. ml/min. shunts RaW  ibgiNelD S. C. 
50 04 .78 02 13 18 3% 01 AG .03 sil 
51 .06 .78 .03 .07 50 6% 04 76 .04 .07 
52 04 92 01 01 15 2% 04 67 15 oll 
53 01 90 04 02 24 3% O01 .60 06 .05 

Mean 04 84 03 .06 3.5% .03 .68 07 ella 


termined and the value of operative or other 
procedures or factors believed to increase in- 
tercoronary anastomoses might be more 
quantitatively assessed. 

The beads used in the present study were 
completely spherical. The small number in- 
jected did not change the flow, pressure, re- 
sistance relationships that existed in the 
heart prior to their injection. Preliminary 
studies revealed that long periods of perfu- 
sion after injection of the microspheres did 
not increase the number of spheres which 
passed through arteriovenous shunts over 
that which existed with very short periods of 
perfusion. 

Summary. A known quantity of radioac- 
tive glass microspheres either 20 or 50 » in 
diameter were injected into the coronary sys- 
tem of the dog heart being perfused at a 
known and physiological rate with oxyge- 
nated blood at 38°C. With the assumption 
that spheres were distributed at arterial bi- 
furcation in the same proportion as blood, the 
fraction which appeared in the venous drain- 
age was taken as a measure of arteriovenous 
shunts the size of or larger than the spheres 
injected. Those spheres which remained in 
the tissue provided a measure of flow through 


vessels smaller than the spheres. Since the 
spheres were small enough to pass through 
all arteriovenous shunts except capillaries, 
the radioactivity of the tissue was a measure 
of tissue capillary flow (less than 20 » for 
the purposes of the present study). There 
was a uniform distribution of spheres in the 
normal dog heart. A calculated tissue blood 
flow of approximately 1.2 cc/g/min existed 
in the right ventricle and throughout the left 
ventricle. This flow diminished to approxi- 
mately .30 cc/g/min in the distribution of 
the left anterior descending coronary artery 
after ligation cf this vessel. Evidence is pre- 
sented to suggest that arteriovenous shunts 
account for 2-4% of total flow across the 
heart and that these vessels are probably 
greater than 50 » in diameter. No evidence 
for arterioluminal shunts 20 » or greater in 
size communicating with the left ventricle 
was found. 
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Replication of Virus Plaques. 


(26756) 


ARTHUR BROWN AND J. E. OFFICER 
U.S. Army Chemical Corps, Fort Detrick, Frederick, Md. 


The replica plating technic devised by 
Lederberg and Lederberg(1) has been found 
to be a most useful tool in research dealing 
with various facets of bacterial genetics. 
With the progress made in the field of the 
genetics of animal viruses, stimulated by the 
advances in tissue culture and plaque tech- 
nics(2), it seemed that a similar replica plat- 
ing technic would be useful in animal viral 
research. This report concerns the develop- 
ment of such a technic. 

Materials and methods. Virus and Tissue 
culture. Both Eastern (EEE) and Vene- 
zuelan (VEE) equine encephalomyelitis §vi- 
ruses were used. The former was obtained 
from the Communicable Disease Center, U. S. 
Public Health Service. It was a human strain 
that has been passed in mice and embryo- 
nated eggs. The latter was obtained from a 
donkey that died of encephalitis, and was 
passed in embryonated eggs. Chick embryo 
working seeds were prepared by the usual 
methods(3). Chick embryo fibroblasts were 
prepared from 10-day-old chick embryos by 
the trypsinization method of McClain and 
Hackett(4). They were used in a suspended 
cell plaque assay method described below. 

Plaque assay. The plaque assay method 
was a modification of the second method de- 
scribed by Cooper(5) which involved infect- 
ing cells previously suspended in an agar 
overlay from an inoculum placed on the hard- 
ened agar surface. Five ml of nutrient agar 
(4). which contained 0.5% gelatin instead of 
albumin plus 5% calf serum, was poured as a 
base into 60-mm Petri dishes. An appropri- 
ate volume of chick fibroblasts prepared pre- 
viously in concentrations ranging from 10-25 
million per ml were centrifuged (at 1500 rpm 
for 5 minutes), resuspended, and mixed in a 
volume of nutrient agar at 43°C to give a 
concentration of 50 million cells per ml. One 
and a half ml of this suspension in agar was 
poured as an overlay into the Petri dishes 
and allowed to harden. The infection by vi- 
rus before incubation at 37°C could be car- 


ried out with all materials held at room tem- 
perature, but a significant and reproducible 
increase (3-6) in sensitivity of the 
plaque assay by this procedure was achieved 
as follows: Plates containing cells were re- 
frigerated for 20 minutes before use. Dilu- 
tions of virus seed were made in cold beef 
heart infusion broth. Fifteen-hundredths ml 
of appropriate dilutions were inoculated onto 
the cold plates and spread immediately by 
rotating the plates. The plates were then 
placed in the refrigerator for 30 minutes, 
withdrawn, and incubated right side up for 
48 hours at 37°C in a humidified atmosphere 
containing 5% COs. Plaques could be seen 
by oblique light, but better visualization was 
obtained by adding a 1/10,000 aqueous solu- 
tion of neutral red to the plates. It is impor- 
tant in this method of plaque assay that all 
plates be kept on level surfaces during all 
manipulations to assure an even distribution 
of plaques. 

Replication of plaques. Replication was 
carried out in a manner analogous to that 
described by Lederberg and Lederberg(1) for 
bacterial colonies. A piece of sterile velvet- 
een was tightened securely over an inverted 
No. 10 rubber stopper by a celluloid ring. 
The stopper was connected to a brass base 
by a metal rod (Fig. 1). The master plate, 
whose plaques were not developed by addi- 
tion of neutral red, was inverted and lowered 
on to the velveteen to make the imprint, re- 
moved, and the replica plates in turn in- 
verted and lowered to touch the velveteen. 
Incubation was carried out at 37°C. After 
replication, the plaques on the master plate 
were developed and treated with mercuric 
chloride as described below. 

“Fixing” of plaques. Because plaques fade 
after a few days, it became desirable to find 
a simple method to “fix” the location of the 
plaques and at the same time increase the 
contrast so that they could be counted and/ 
or photographed when convenient(6). It 
was found that 2-5% solutions of mercuric 
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FIG. 1. Apparatus used for replication. 


chloride poured over the agar and held for 
one-half hour before being poured off deep- 
ened the red background color which gave 
better contrast. Plaques so treated remained 
in excellent condition for several months. 
The increased intensity of the red color is 
probably due to precipitation of the dye in 
situ, since in the test tube solutions of the 
dye precipitate in the presence of mercuric 
chloride. 

Results. The results in Table I show that 
the number of plaques formed with VEE and 
EEE virus was approximately inversely pro- 
portional to the dilution plated and that ap- 
proximately the same satisfactory precision 
was indicated as in the results reported for 
the monolayer technic of Dulbecco and Vogt 
(7). In comparative studies of the suspended 
cell assay technic, and the monolayer assay 
procedure, 5 times more VEE virus was de- 
tected by the former method; the sensitivi- 
ties of the 2 technics were equal for EEE 
virus. 

Since virus was inoculated on the surface 
of the plates in this modification of the sus- 
pended cell plaque technic, it was reasoned 
that the resulting plaques should provide the 
proper conditions for quantitative replica- 
tion. The results (Fig. 2) showed that ex- 
cept for plaques on the rim of the plate, 
which the velveteen did not touch, quantita- 
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tive replication was achieved. The replicas 
of the already large VEE plaques were con- 
siderably larger than the original plaques 
(Fig. 2), partly because the plaques of this 
virus characteristically continue to enlarge 
on prolonged incubation. In contrast, the 
plaques of a mutant of VEE virus(8) are 
minute, and, like the wild type (r+)T-even 
coliphages, do not increase in size after 48 
hours’ incubation; they, therefore, repli- 
cated with minimum enlargement. After 3 
replications, the plaques of the parent VEE 
virus became very large, probably because of 
spread of liquid and virus by the velveteen, 
which had become wet. If more than 3 re- 
plications are desired with satisfactory results 
(e.g., for testing for host range mutants or 
recombinants), one can use as many as 3 
velveteens on the same master plate with 3 
replicas made from each. 

Certain preliminary experiments showed 
that, as in mouse neutralization tests, EEE 
and VEE virus did not cross react in sus- 
pended cell plaque neutralization tests in 
which single virus particles failed to form 
plaques on _ antiserum-containing _ plates. 
These results permitted us to test whether 
replication of plaques was feasible for the 
screening of different antigenic types, such as 
might be used in recombination experiments. 

Both VEE and EEE viruses were placed 
in discrete spots on the surface of agar plates 
containing the suspended chick fibroblasts. 
After 48 hours’ incubation, the master plates 
containing plaques of both viruses were re- 
plicated in turn on separate plates containing 
approximately a 1/400 final dilution per 
plate of EEE or of VEE monkey antiserum, 


respectively. The plaque neutralization 
TABLE JI. Proportionality between Number of 
Plaques and Concentration of Virus.” 
Avg No. 
Virus = Dilu- No. of plaques plaques Titer 
strain tion oneach plate per plate per ml 
Wana 25 < ilet Bie ais GOP Pall 29 5) SK OY 
PSR MOE aS Isyo at) ele} 16 Goalie 
een ine Se Olve Levene 4 4 108 
BBE 4X10" 75; 38; 56; 60 57 9 x 10° 
de AMO NB) ts} 3 nS alts) 13 )S< allo}? 


* 0,15 ml of appropriate virus dilution was inocu- 
lated on each 60-mm Petri plate. 
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FIG. 2. Replication of virus plaques. 


with an ‘‘e’’ beneath each plaque. 


A. Master plate showing clear plaques of VEE virus and 
smaller, turbid plaques of EEE virus. Latter are difficult to photograph and have been marked 


B. Replica of A on plates containing EEE antiserum. 


C. Replica of A on plates containing VEE antiserum. 


titers of the undiluted antisera were previ- 
ously found to be over 1/1000 for each. The 
results of this experiment are shown in Fig. 
2. The master plate shows the plaques of 
both viruses. EEE virus plaques are smaller 
and more turbid in appearance, and more 
difficult to see than are plaques of VEE virus 
by the suspended cell technic. By the mono- 
layer technic, only size distinguishes the 2 
virus strains. On plates containing VEE vi- 
rus antiserum, the EEE plaques were quanti- 
tatively replicated in their expected geo- 
graphical position, with the complete exclu- 
sion of the VEE virus plaques. Correspond- 
ing results were obtained for VEE plaques 
replicated on plates containing EEE virus 
antiserum. 

The results of the above experiments sug- 
gest that replication of virus plaques for vari- 
ous purposes is feasible. 

Discussion. The choice of the method 
finally selected for plaquing the viruses for 
replication was made after the standard 
monolayer method and Cooper’s first sus- 
pended cell method(5,9) were found to be 
unsatisfactory. In the former no plaques 
could be replicated. The latter procedure 
involves mixing the virus and cells with agar 
before pouring it as an overlay. A poor ef- 
ficiency of replication of viral plaques was 
obtained (20%-50%) using this assay meth- 
od. Apparently, the viruses in the plaques 
beneath the surface either in the monolayer 
or in Cooper’s first suspended cell procedure 
do not diffuse in sufficient amounts to the 


surface to permit quantitative replication. 
Cooper’s second suspended cell method, 
which involves the infection of cells from 
the inoculum placed on the agar surface, was 
therefore modified to make it sensitive and 
precise for quantitative work and to make 
quantitative replication of plaques feasible. 
The present replication technic was devel- 
oped with small Petri plates to illustrate the 
feasibility of the technic. Some of the dis- 
advantages of the method stemming from 
formation of larger, overlapping plaques on 
the replicas could be minimized if larger 
plates were used. Similarly, means could be 
devised to place a removable artificial inside 
rim in the Petri dish so that plaques would 
not form on the true rim of the plate; the 
velveteen replication could then be made 
quantitative. 


Summary. One of the 2 suspended cell 
plaque technics described by Cooper(5) has 
been modified so that its sensitivity and pre- 
cision for plaque assay of VEE and EEE vi- 
rus are satisfactory for general purposes. In 
addition, the modified suspended cell technic 
permitted nearly quantitative replication of 
virus plaques. Feasibility of the method in 
simulated systems for screening of host range 
or antigenic type recombinants (or mutants) 
was demonstrated. 
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Hypomagnesemia accompanied by convul- 
sions is a disturbance which occurs sporadi- 
cally in ruminants grazing on young, rap- 
idly growing forage(1). A relationship has 
been observed in the field between nitrogen 
content of the grass on which cattle graze 
and incidence of tetany(2). High potassium 
diets(3) and diets high in protein and po- 
tassium(4) reduce serum magnesium and in- 
crease fecal excretion of magnesium in sheep. 
There is retention of calcium in the viscera 
and kidneys of rats during magnesium de- 
ficiency(5,6) and in the yellow elastic fiber 
of the endocardium, aorta and jugular vein 
in calves fed low-magnesium diets(7). Colby 
and Frye(8,9) reported an increase in sever- 
ity of magnesium deficiency in rats fed high 
calcium, high potassium or high protein 
(50%) diets. It was desired to study the 
effects in rats of high potassium and/or high 
protein diets on growth, blood electrolytes 
and pathological anatomy of low or normal 
dietary magriesium. 

Methods. Weanling albino rats of the 
Cornell strain were used in a factorial ar- 
rangement of treatments. Rats were kept in 
individual wire-mesh cages. Diets (Table I) 
were provided ad libitum and distilled water 
was available at all times. Feed consump- 
tion and weight gains were recorded weekly. 


* The senior author was an FAO Fellow during 
the period Sept. 1, 1959—March 1, 1961. Present ad- 
dress: Estacion Exp. Balcarce, Balcarce, Buenos 
Aires, Arg. 


One-half of the rats from each group were 
sacrificed after 28 days and the remainder 
after 56 days on test by ether anesthesia. 
Blood was collected by heart puncture into 
heparinized tubes for serum calcium and 
magnesium and whole blood potassium 
determination. Whole blood potassium was 
determined in duplicate after some modi- 
fications of the method of Mosher(10). 
Five tenths of one ml of whole blood 
were diluted 1:100 with distilled water 
for analysis. Serum calcium and mag- 
nesium were determined by using a modifica- 
tion of the method of Walser(11). The fol- 
lowing organs and structures from each rat 
were prepared for histological examination: 
proximal epiphysis of tibia, parietal bone, 
brain (transverse section through thalamus 
and cerebellum), thyroid, parathyroid, adren- 
als, esophagus, trachea, stomach (esophageal 
and fundic sections), duodenum, jejunum, 
colon, liver, pancreas, spleen, bone marrow, 
lymph glands, kidneys, ureter, urinary blad- 
der, skin, myocardium, skeletal muscle, 
lungs; cross section through hilus, including 
lungs, bronchi, aorta, mediastinum and _ thy- 
mus. Bones were fixed in 10% formaldehyde 
and soft tissues in Bouin’s fluid. Decalcifi- 
cation was with Perenyi (5 parts 100% 
HNO; and 95 parts 80% ethyl alcohol). 
Samples were paraffin-embedded, sectioned at 
6 micra and stained with H and E stain. 


Results and The data for 
growth, feed consumption and efficiency of 


discussion. 
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TABLE I. Composition of Control Diet (Diet 1).* 


Component % 
Casein 12 
Corn oil 5 
Corn sugar (cerelose) 72 
Cellulose (Solka-floc) 1.25 
Vitamin premixt 5.00 
Mineral premix} 4.75 


* Diets 1, 3, 5 and 7 contained 12% casein (10% 
protein) ; diets 2, 4, 6 and 8 contained 24% casein 
(20% protein). Diets 1, 2, 5 and 6 contained 240 
mg magnesium/kg; diets 3, 4, 7 and 8 contained 24 
mg/kg. Diets 1, 2, 3 and 4 contained 2033 mg po- 
tassium/kg; diets 5, 6, 7 and 8 contained 8132 mg/ 
kg. 

* Mixed with cerelose so that 50.0 g were required 
to supply the following vitamins for 1 kg of diet: 
vit. A, 4200 I.U.; vit. D, 135 L.U.; vit. E, 120 mg; 
vit. K, 0.2 mg; thiamine, 2.5 mg; riboflavin, 5.0 
mg; pyridoxine, 2.4 mg; niacin, 30.0 mg; calcium 
pantothenate, 16.0 mg; choline chloride, 1500 mg; 
vit. By, 10 yg. 

¢{ Composition (units/kg of diet): Ca (H;PQ,).° 
H,O, 22 g;,KHsPO,, 7 g; CaCOs, 12 g; NaCl, 1.5 g; 
MgO, 0.4 g; MnSO,- H.O, 0.3 mg; FeSO,, 0.25 g; 
CuSO,:5H,O, 0.30 g; ZnCO;, 0.045 mg; KI, 0.10 
mg; Na selenite, 0.40 ug. 


feed utilization are summarized in Table II. 
Low dietary magnesium (24 mg/kg) resulted 
in a highly significant (P<0.01) decrease in 
daily gain, feed consumption, efficiency of 
feed utilization. High dietary potassium 
(8132 mg/kg) had no effect on daily gain 
and feed consumption during the first 28 
days but resulted in a highly significant re- 
duction (P<0.01) in both after 56 days. 
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There was no effect of level of dietary potas- 
sium on efficiency of feed utilization nor were 
there any potassium protein interactions 
on any of these 3 criteria. High dietary pro- 
tein (20%) resulted in a highly significant 
increase (P<0.01) in daily gain and ef- 
ficiency of feed utilization after 28 days. 
This effect on daily gain but not on feed 
utilization was maintained after 56 days. 
There was a significant (P<0.05) magne- 
sium protein interaction in terms of daily 
gain. Mean daily gain of rats fed the low 
magnesium-low protein (10%) diets (3 and 
7) was 0.98 g for the first 28 days and 0.76 
g after 56 days. The corresponding values 
for those fed the low magnesium-high pro- 
tein diets (4 and 8) were 1.15 and 0.65 g. 
However, a positive response to high protein 
occurred when dietary magnesium was ade- 
quate (2.30 vs. 1.62 g daily gain after 28 
days and 1.97 vs. 1.52 g daily gain after 56 
days) demonstrating that inadequate dietary 
magnesium prevents maximal utilization of 
protein for growth. 

Blood values are shown in Table III. Low 
dietary magnesium decreased blood serum 
magnesium and calcium (P<0.01). Blood 
serum magnesium was affected by a highly 
significant (P<0.01) magnesium > protein 
interaction manifested in the rats sacrificed 
after 28 and 56 days on test. There was no 


TABLE II. Effect of Dietary Magnesium, Protein and Potassium Level on Performance of 
Growing Rats. 


r Diet ~ Daily gain (g)§ Daily feed (g)|| Feed/g gain (g)§ 
No. Designation* 28t 56t 28t 56t 28t 56t 

I HMg-LP-LK 1.72 1.53 9.9 10.7 5.9 eke 

2 HMg-HP-LK 2.25 2.08 NF; 10.4 4.5 5.0 

3 LMg-LP-LK 1.07 90 8.3 Osi 8.0 10.7 

4 LMg-HP-LK 1.23 1.09 7.8 8.6 7.5 8.4 

5 HMg-LP-HK 1.52 1.50 9.0 9.6 6.2 6.5 

6 HMg-HP-HK 2.35 1.85 9.8 10.2 4.3 5.6 

if LMg-LP-HK .88 61 8.0 7.8 9.8 14.2 

8 LMg-HP-HK 1.06 61 7.5 7.5 7.8 16.3 


* HMg 


= 240 mg Mg/kg diet; LMg = 24 mg Mg/kg diet; LK 
HK = 8132 mg K/kg diet; LP = 10% protein; 


= 2033 mg K/kg diet; 
HP = 20% protein. 


t Each value represents mean of 8 rats fed 28 days. 
{ Each value represents mean of 4 rats fed 56 days. 

_ § Significantly increased by high protein (P <0.01) ; significantly decreased by low magne- 
sium (P <0.01) and significant magnesium X protein interaction (P <0.05) at 28 days. At 56 
days same, plus significantly decreased by high potassium (P <0.05). : 

|| Significantly decreased by low magnesium (P <0.01) at 28 days. At 56 days same plas 
significantly decreased by high potassium (P <0.05). ; : 


_ {| Significantly increased by low magnesium (P <0.01) at 28 days. 
significantly decreased by high protein (P <0.01). 


At 56 days same, plus 
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TABLE III. Effect of Dietary Magnesium, Protein and Potassium Level on Serum Calcium 
and Magnesium and Whole Blood Potassium of Growing Rats. 
ooeoeoeoeoeo—$—$S~«$$—0—oOOnononoqoqoqonono oO :c::x«« war“ :‘_«««qu _ eee 


: Whole blood K 
= Diet —, Serum Ca (mg %)§ Serum Mg (mg %) |] (mg %){ 
No. Designation* 28t 56 28t 56 28t 56 

1 HMg-LP-LK 8.2 9.7 3.2 2.6 206 211 
2 HMg-HP-LK 8.4 9.5 2.8 2.5 197 219 
3 LMg-LP-LK 6.7 6.9 1.0 9 224 195 
4 LMg-HP-LK 7.2 6.7 1.0 aS) 221 220 
5 HMg-LP-HK 8.2 9.9 2.5 2.6 220 217 
6 HMg-HP-HK 8.2 9:3 2.6 2.6 224 222 
i LMg-LP-HK 7.0 7.4 1.6 1.8 211 190 
8 LMg-HP-HK fiat 7.2 1.6 1.6 217 195 
* HMg — 240 mg Mg/kg diet; LMg = 24 mg Mg/kg diet; LK — 2033 mg K/kg diet; 


HK — 8132 mg K/kg diet; LP = 10% protein; HP — 20% protein. 

+ Each value represents mean of 4 rats fed 28 days. 

¢ Each value represents mean of 4 rats fed 56 days. 

§ Significantly reduced by low magnesium (P <0.01) at 28 and 56 days. 
__ || Significantly decreased by low magnesium (P <0.01) and significant magnesium  _ potas- 
sium interaction (P <0.01) at 28 days. Same plus significantly increased by high potassium at 


56 days. 


{ Significant magnesium X potassium interaction (P <0.05). 


effect of high potassium diets on serum mag- 
nesium when dietary magnesium was ade- 
quate. However, mean serum magnesium of 
rats fed low magnesium-normal potassium 
diets (3 and 4) was 1.0 mg% after 28 days 
and 0.9 mg% after 56 days. The corre- 
sponding values for those fed low magne- 
sium-high potassium diets (7 and 8) were 
1.6 and 1.7 mg% indicating an inhibition by 
potassium of the reduction in serum mag- 
nesium associated with consumption of a 
magnesium-deficient diet. Typical magne- 
sium deficiency symptoms were observed, 
however, in all 4 treatment groups (diets 3, 
4, 7 and 8). Symptoms included reddening 
of the ears and paws and convulsions lasting 
1-5 minutes culminating in death in 5 rats. 
Histological examination revealed slight to 
severe nephrocalcinosis to be present in rats 
representing all groups as early as 28 days. 
This condition has been previously reported 
to occur in rats fed adeauate diets. Other- 
wise no lesions were found. It is of interest 
that no tissue alterations associated with 
treatment appeared even after 56 days on 
test despite the fact that gross magnesium 
deficiency symptoms appeared as early as 
the first week. 
Summary. Dietary magnesium, potassium 
and protein interactions were studied in 
weanling rats. Growth rate, efficiency of 
feed utilization, and blood serum magnesium 


and calcium levels were significantly lower 
in rats fed a magnesium-deficient diet than 
in those fed a similar magnesium-adequate 
diet. A diet containing 4 times as much po- 
tassium (8132 mg/kg) increased the serum 
magnesium level 60% after 28 days (1.0 vs. 
1.6 mg%) and 90% after 56 days (0.9 vs 1.7 
mg%) indicating an inhibition by potassium 
of the reduction in serum magnesium asso- 
ciated with consumption of magnesium-de- 
ficient diet. Typical gross magnesium de- 
ficiency symptoms, including reddened ears 
and paws and convulsions lasting 1-5 minutes 
were observed, however, in all groups fed low 
magnesium diets regardless of potassium 
level. Diets containing 20% protein pro- 
duced significantly greater growth rate than 
those containing 10% in the presence of ade- 
quate magnesium but not during magnesium 
deficiency. No histological lesions associated 
with treatment occurred even after 56 days 
on test despite the fact that gross magnesium 
deficiency symptoms appeared as early as 
one week on test. 
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Interference with antibody production by 
cytotoxic drugs, notably antagonists of nu- 
cleic acid constituents, has been reported by 
several investigators(1-8). Substances 
which exhibit this effect are of interest not 
only for the insight which they may provide 
into the immune process, but also for their 
possible applications to transplantation prob- 
lems(9,10) and to autoimmune diseases(11). 


Screening tests for such materials recently 
have been devised by Berenbaum(5) and by 
Sterzl(12) using antigens of bacterial origin. 
The method to be described herein is based 
on the agglutinin response in mice to admin- 
istered sheep cells, and may therefore be 
regarded as a modification of the procedure 
used by Makinodan for investigation of radi- 
ation effects(13). As will be shown, the 
modifications which have been made appear 
to be essential for detection of the effects of 
drugs. The method as presently employed 
is simple, economical and capable of provid- 
ing reproducible results. 

Materials and methods. Mice.  Specific- 
Pathogen Free (SPF) Swiss Bagg male mice* 
weighing 19-21 g were used. 

Antigen. Sterile, washed sheep cellst were 
exposed for 10 minutes at 37°C to an equal 
volume of 1:10,000 tannic acid in buffered 
saline solution? collected by centrifugation, 


* Darrow Breeding Laboratories. 

t Colorado Serum Co. 

+ Saline (0.85% NaCl) is mixed with an equal 
volume of buffer (29.9 ml M/15 KH.PO, + 76.0 ml 
M/15 Na,HPO,). 


washed with buffered saline#(7) and resus- 
pended in the same medium. 

Procedure. The initial inoculum of anti- 
gen consisted of 0.25 ml of a 30% suspension 
of cells per mouse, administered intrave- 
nously to groups of 10 mice. In the experi- 
ments reported herein a second dose of 1.0 
ml of a 15% suspension of cells was admin- 
istered intraperitoneally on the seventh day. 
The effects of this second dose have been 
found to be minimal, and in subsequent work 
it will be omitted. On day 13, the mice were 
decapitated and the pooled blood was allowed 
to clot. The serum was used for determina- 
tion of hemagglutinins. 

Hemagglutination. The hemagglutinin 
titer was determined by serial 2-fold dilution 
essentially by the method of Stavitsky(14) 
using 0.1 ml of a 1% suspension of tanned 
sheep cells per ml of saline-diluted serum. 
After preparation, the tubes were shaken and 
then allowed to stand for 18 hours at 5°. Ag- 
glutination was then scored 0, 1+ to 4+ de- 
scribed by Stavitsky(14). 

Index. The score for each tube was mul- 
tiplied by the appropriate exponent of the 
2-fold dilution series, i.e., a tube showing a 
4+ agglutination at a dilution of 2° would 
have a value of 24. These values were then 
summed for each series. The index of drug 
effect was obtained as the ratio of these sums 
for the treated to the untreated control: 

2 (8: +28; + 38, -—. see 


Antibody Index = 
(AGT) 


3(Si4-2S,-+ 3S, . oe 


where n refers to the exponent of the dilution 
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ANTIBODY INDEX 


DAY 
FIG. 1. Appearance of circulating antibody after 


administration of antigen. @© @ no antigen; 

© antigen on day 0; A----A antigen on 

day 0, mercaptopurine days 0, 1, 2, 3. Index as 
deseribed in text. 


(=tube number in the 2-fold series), S is 
the agglutination score for the tube and T 
and C refer to treated and control series, re- 
spectively. 

hee ion? Sutrialss=—— 175 2-24: 


A value of 0.5 or lower for the index was 
chosen arbitrarily as the limiting value for 
activity. However, it will be noted that this 
is removed from the control average by 
greater than 3 standard deviations. 

Drug therapy. The drugs were given in- 
traperitoneally at the estimated maximum 
tolerated doses (for initial screening) on 4 
successive days, beginning at the time of the 
first antigenic stimulus. 6-Mercaptopurine 
(75 mg/kg) was included as a positive con- 
trol in each experiment, as was a control 
without antigen or therapy. 

Results. The results of hemagglutinin ti- 
ters determined daily on groups of control 
mice and mice receiving therapy with 6-mer- 
captopurine (75 mg/kg/day) are presented 
in Fig. 1. For the first 4 days the titers were 
not significantly higher than those of the 
controls. This is in agreement with the find- 
ings of Makinodan(13). The rapid rise in 
titer on the fifth day is more abrupt than that 
reported by the previous author, but may be 
a consequence of the much greater antigenic 
stimulus provided in the present test. Anti- 
body production is seen to be almost com- 
pletely suppressed over the period studied 
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when 6-mercaptopurine was administered 
during the first 4 days. 

The relationship between antigenic stimu- 
lus, dose of drug and response was explored 
in a Latin square type of experiment, the re- 
sults of which are presented in Table I. It 
will be seen*by following each row that sup- 
pression of the response increases with in- 
creasing dosage of the drug. However, an 
increase in the antigenic stimulus resulted 
not in less, but, in fact, a considerably greater 
suppression. The rather high antigenic 
stimulus chosen for routine work appears 
well-adapted to the demonstration of the ef- 
fects of drugs. 


TABLE I. Relationship between Antigenic Stimu- 
lus, Dose of Mercaptopurine and Response. 


Dose of mereap- 
topurine, 
mg/kg/day x 4 
OMS 3 3me Zone) 


Index 
Sheep cell suspension* .11 ofits) offZ8 NU) al) 
33 sits) § ek) XS) 
1.0 WOO 20 il ai) 
3.0 Io == Wel @ 


* In proportions of the standard inoculum (1.0) 
as given in the text. 


Time of administration of the drugs in re- 
lation to suppression also was investigated. 
The pertinent data are shown in Table II. 
Suppression diminishes as treatment is de- 
layed. Even a 24-hour delay appears to have 
some effect. The effect of single vs multiple 
doses of mercaptopurine also was _ investi- 
gated. In one experiment the usual regime 
of 4 daily doses at 75 mg/kg gave an index 
of 0.17, doses of 150 mg/kg on days O and 1 


TABLE II. Effect of Time of Initiation of Ther- 
apy on Suppression of Immune Response. 


Time of start Index 
Day 0 4 
] 46 
2 st 
3 1,04 
4 95 
Control § therapy — 1.00 


Each group received only the primary dose of an- 
tigen, as deseribed in the text, on day zero. Hach 
of the treated animals was given 4 daily injections 
of mereaptopurine, 75 mg/kg/day beginning on 
day indicated. 
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TABLE III. Effects of Various Agents on Hemag- 
glutinin Response. 


2 


Dose/day, 
Compound mg/kg Index 
Control without antigen — (25) 14 + .06 
Purine analogs 
6-Mercaptopurine 75 (16) 32 + .06 
6-Thicguanine 2 (4) 18 
Benzimidazole 100 85 
B.W. 57-322* 12.5 .86 
25 37 
50 (4) 34 
100 30 
B.W. 57-323* 12.5 30 
6-Methylthiopurine —~ 100 (4) 42 
6-Propylthiopurine 100 67 
8-Azaguanine 50 (2) 58 
Pyrimidine analogs 
5-Bromouracil 500 .69 
5-Fluorouracil 25 84 
5-Hydroxyuracil 500 MY 
5-Nitrouracil 500 89 
5-Aminouracil 200 48 
2-Thiouracil 50 61 
4-Thiouracil 200 48 
2-Thiothymine 250 60 
4-Thiothymine 200 67 
2-Thiocytosine 100 63 
6-Azauracil 500 48 
6-Azathymine 400 68 
Antifolic acids 
A-methopterin 2 (4) 49 
B.W. 50-276* 7.9 (2) 51 
Miscellaneous 
Nitrogen mustard 10t 30 
5 72 
Hydrocortisone 33/5) OT 
Chlorambueil 7.5 (5) 47 + .02 
Chloramphenicol 250.0 1.18 
Actinomycin C 0.2 61 
Actinomycin D 0.1 45 
Urethane 200 83 


Figures in parentheses refer to No. of triats, 
where averages of several are presented. Where a 
substantial No. of trials was involved, stand. dev. 
has been given. 

* B.W. 57-322 6-(1-methyl-4-nitro-5-imidazolyt) 

thiopurine 

B.W. 57-323 2-amino-6-(1-methyl-4-nitro-5-imi- 
dazolyl) thiopurine 

B.W. 50-276 2,4-diamino -5-(3,4-dichlorophen- 
yl)-6-ethylpyrimidine 

+ Toxic dose, 5 of 10 mice died. 


gave an index of 0.47, and a single dose on 
day 0 of 300 mg/kg gave an index of 0.51, 
with 2 of the 10 animals dying of drug toxi- 
city. A number of experiments have indi- 
cated that there is no advantage, for the pur- 
poses of this test, in extending therapy be- 
yond the 4-day induction period. 
Representative screening test results are 
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presented in Table III. It will be observed 
that 6-mercaptopurine consistently gives a 
strong repression of the immune response dur- 
ing the period of observation. 6-Thioguanine 
appears on the basis of a smaller number of 
trials to be significantly more active than 6- 
mercaptopurine. The imidazolyl derivatives 
(B.W. 57-322 and B.W. 57-323) have activi- 
ties comparable to those of the parent thio- 
purines. However, B.W. 57-322 appears to 
be active over a wider range of dosage, and 
at lower fractions of the maximum tolerated 
dose which is approximately 150 mg/kg for 
this dosage schedule. The apparent superi- 
ority of this substance in comparison with 
mercaptopurine has been observed also in 
maintenance of renal homotransplants in dogs 
(10). 6-Methylthiopurine but not 6-propyl- 
thiopurine appears to have significant activ- 
ity. 8-Azaguanine, on the basis of 2 trials, 
would be scored as inactive despite other evi- 
dence that in some circumstances it is cap- 
able of producing suppression(15). Among 
the pyrimidine analogs, the apparent inac- 
tivities of 5-fluorouracil, the various 2-thio- 
pyrimidines and 6-azathymine are in agree- 
ment with the findings of Sterzl(12). On 
the other hand, 6-azauracil showed border- 
line activity as did 4-thiouracil, and 5-amin- 
ouracil. Two folic acid antagonists, A-me- 
thopterin and B.W. 50-276 gave borderline- 
active results. Nitrogen mustard (HN2) 
was active only at a toxic dose, but chloram- 
bucil gave very consistent if not very power- 
ful suppression. Actinomycin D was scored 
as active. 

Discussion. The present screening test 
was designed primarily to find substances 
which interfere with the inductive phase of 
the antibody response. For this reason ther- 
apy has not been extended to the phase of 
antibody production. But experiments con- 
cerned with the optimal time of therapy 
show that 6-mercaptopurine, in agreement 
with the findings of Schwartz(2) has little or 
no activity once antibody production is es- 
tablished. The selection of the time of the 
first antigenic stimulus as the optimal time 
for initiation of therapy is not necessarily at 
variance with that of Berenbaum(5) who 
used a different antigen and a single maximal 


STRESS AND FLUDROCORTISONE IN RAT 


dose of the test drug 48 hours after adminis- 
tration of antigen. 

Where comparisons are possible, the re- 
sults reported herein are in general agree- 
ment with those of Sterzl(12) although some 
minor differences with regard to the activity 
of specific compounds will be observed. In 
the present test to date, the activity with 
folic acid antagonists has been of moderate 
dimensions in contrast to the marked effects 
reported by others(4,12). 

Perhaps the most important observation 
reported here is that the effects of the drug 
increase with increasing antigenic stimulus. 
The failure to employ an adequate antigenic 
stimulus may explain some of the failures to 
find suppression with 6-mercaptopurine. In 
the absence of a clear understanding of the 
processes involved in the inductive phase of 
antibody formation, the role of 6-mercapto- 
purine remains obscure. However, the pres- 
ent results suggest that maximal drug effects 
are obtainable only when these processes are 
stimulated maximally. It is noteworthy that 
all the substances found active to date also 
are active antitumor agents in tests with 
transplantable tumors in mice. The reverse, 
however, by no means follows. 

Summary. A screening test is described 
for materials which suppress the immune re- 
sponse during its inductive phase. This test 
is based on the formation of hemagglutinins 
to sheep red blood cells in mice. 6-Mercap- 
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topurine, 6-thioguanine and their S-imida- 
zolyl derivatives, B.W. 57-322 and B.W. 57- 
323, show high activity. 


The authors wish to acknowledge their indebted- 
ness to Dr. Robert Schwartz for the suggestion which 
stimulated this investigation, and to thank Dr. R. Y. 
Calne and Dr. A. W. Frisch for the opportunities to 
read their papers in advance of publication. 
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We have reported that in rats treated with 
desoxycorticosterone acetate (DCA) (1,2) or 
STH(3), stress increases the hypertensive 
and/or nephrosclerotic action of the hor- 
mone, an effect not noted with cortisol(4). 
Selye(7) has reported that immature unilat- 
erally nephrectomized rats given 200 pg/day 


* This study was supported by a grant from 
USPHS. 


of 9a fluoro-hydrocortisol (fludrocortisone) 
and 1% NaCl solution to drink, develop se- 
vere nephrosclerosis and ascites, but not car- 
diac lesions, encephalopathy or visceral peri- 
arteritis. Blood pressure showed an eleva- 
tion to hypertensive levels in many animals, 
but this was not sustained, declining pre- 
mortally. 

It seemed of interest to determine the in- 
fluence of simultaneous exposure to stress 
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upon the patho-physiologic effects of fludro- 
cortisone, since the steroid is potent both as a 
glucocorticoid and as a mineralocorticoid. 


Materials and methods. Forty-two imma- 
ture female rats of the Holtzman strain were 
used. Group 1 consisted of 10 animals ex- 
posed to stress for 12 consecutive hours daily. 
Group 2 consisted of 10 animals given 250 
pwg/day of an aqueous fludrocortisone ace- 
tatet suspension subcutaneously. Group 3 
consisted of 12 animals given both of the 
preceding treatments and Group 4 consisted 
of 10 untreated controls. All animals were 
unilaterally nephrectomized on the day pre- 
ceding inception of treatment and received 
1% NaCl solution to drink throughout the 
experiment. Purina Laboratory Chow was 
fed. 


Stress was imposed by the electrostressor 
(5) which delivered a brief electric shock to 
the animals at 2 minute intervals for 12 
hours consecutively. Since food and water 
was unavailable during the imposition of 
stress, it was withheld from all animals dur- 
ing such periods. 

Blood pressure was measured in unanes- 
thetized animals by a tail plethysmograph, 
and pressures above 150 mm Hg were re- 
garded as hypertensive. The animals were 
killed with ether on the 39th day and various 
tissues were excised for weight and/or his- 
tologic examination. Lesions in the heart and 
kidney, and in the mesenteric and pancreatic 
arteries, were evaluated microscopically. 


Results. Stress alone did not cause hyper- 
tension. Fludrocortisone caused a definite 
increase in blood pressure to hypertensive 
levels in many of the animals. On the 33rd 
day of treatment hypertension was present in 
one animal under steroid treatment and by 
the 39th day 7 of the 9 survivors were hy- 
pertensive. In animals under dual treatment, 
4 of the 10 survivors were hypertensive on 
the 33rd day, but by the 39th day 3 of these 
had died and only 2 of the group were hyper- 
tensive. The representative blood pressures 
are given in Table I. It was evident, par- 
ticularly in the last 2 weeks of the experi- 


+ The steroid was generously supplied by E. R. 
Squibb and Sons. 
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ment, that although stress alone caused but 
slight growth retardation it enhanced that 
caused by steroid. Mortality was also greater 
among those under combined treatment and 
half died before the experiment ended, al- 
though only one animal was lost from the 
group receiving only steroid. The 6 animals 
which succumbed to dual treatment had ex- 
tensive gastro-intestinal ulcers and_ large, 
brown adrenals, indicating that stress had 
been much more severe in them. 


Organ weights indicated that whereas 
fludrocortisone caused considerable adrenal 
atrophy in non-stressed animals (P<.001), 
it did not do so in stressed animals. Among 
the latter the adrenals were actually slightly 
larger proportional to body weight than in 
animals exposed only to stress, indicating 
that fludrocortisone-induced adrenal atrophy 
was blocked. Stress neither caused involu- 
tion of the thymus and spleen, nor augmented 
that caused by steroid. Both renal and car- 
diac hypertrophy were evident in steroid- 
treated rats, and again this was not signifi- 
cantly increased by stress. The data are 
given in Table I. 

Microscopic examination revealed no in- 
stance of visceral periarteritis in any of the 
animals and but a single example of focal 
myocarditis, the latter in an animal receiving 
only steroid. The kidneys of animals receiv- 
ing hormone and which had developed ele- 
vated blood pressure, showed extensive 
change. Glomerular sclerosis or hyalinization 
of capillary loops was frequently noted. Oc- 
casionally fibrinoid necrosis of the wall of the 
afferent glomerular arteriole had taken place, 
although curiously intrarenal arteries and ar- 
terioles other than at this site were not in- 
volved. Hyaline casts occupied many of the 
tubular lumens. The incidence and severity 
of lesions seemed to be slightly greater in 
steroid-treated rats exposed also to stress, but 
the difference in severity was only slight and 
it seemed inadvisable to attempt quantitation 
of severity from examination of a single sec- 
tion from each kidney. Interstitial nephritis 
and/or fibrosis was noted in 3 animals ex- 
posed only to stress. Renal lesions were ab- 
sent from controls. 
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TABLE I. Body and Organ Weight and Incidence of Lesions in Rats Exposed to Stress and 
Fludrocortisone Treatment Singly and Together. 
ee eee pe Pat ee OS ee OP oe ee ee Se ee 
Se 
Fludrocortisone 
Stress Fludrocortisone + stress Controls 
Mortality, % 0 10 50 0 
Body wt, g Tnitial Me) se i 58 2 1 ifs) se il Sf ge 2 
Final 162 + 2 He) se 8 0) se 5) nfs: Ses a) 
Blood pressure, mm Hg Day 22 127 + 4 129 + 5 129 + 1 120 + 1 
YS} NRA, ae) ISO se oF 148 + 8 124 + 2 
7 39 125 + 4 166 + 6 16@ 2 & WR se Il 
Organ wt,mg/100g Adrenals 39.8+ 1.4 23.6+ 1.2 41.44+ 3.9 Soros Oi 
Thymus 212 +15 39 + 5 35 = 112 229 + 9 
Heart 345 + 9 Able t) 479 + 22 ats) se (6) 
Spleen 390 + 28 239° = 9 240 +12 328 + 10 
Kidney 1059 + 33 1600 + 53 1511 + 46 1019 == 19 
Lesions (% incidence) Myoearditis 0 tell 0 0 
Periarteritis 0 0 0 0 
Kidney 33.3t 66.64 100 0 
* Mean + S.E. of mean. + Interstitial nephritis. ¢ Glomerulosclerosis. 
The kidney lesions in steroid-treated rats posed. The marked growth impairment, 


were similar to those resulting from desoxy- 
corticosterone treatment, but differed in sev- 
eral details. Hyaline casts were not particu- 
larly abundant and there was little intersti- 
tial inflammation, perhaps reflecting the anti- 
inflammatory effect of fludrocortisone. The 
absence of involvement of renal arterioles, ex- 
cepting those at the vascular pole of the glo- 
merular tuft in the present circumstances, 
also contrasts with the necrosis, sclerosis and 
sub-intimal hyalinization so common in the 
vessels of DCA-treated hypertensive rats. It 
should be noted however that the degree of 
hypertension attained by animals in the pres- 
ent experiment was only moderate. 
Discussion. The response of animals to 
fludrocortisone on the one hand, and the 
modification due to simultaneous exposure to 
stress were both distinctive. Steroid treat- 
ment caused certain changes that stress failed 
either to cause or modify; among these were 
enlargement of the heart and kidney and 
atrophy of the spleen and thymus. On the 
other hand, inhibition of body weight, pre- 
sumably a reflection of the catabolic potency 
of the steroid, was greatest in animals under 
dual treatment, although stress alone showed 
some effect. Finally the steroid caused al- 
terations opposite to those of stress, e.g., ef- 
fect upon adrenal size; and, under the cir- 
cumstances of this experiment, stress pre- 
dominated when both influences were im- 


adrenal hypertrophy, prevalence of gastro- 
intestinal ulcers and high mortality noted in 
the group under dual treatment left little 
doubt that the combination was much more 
severely injurious than either influence 
singly. The fact that the adrenals in these 
animals were, in proportion to body weight, if 
anything even larger than among rats exposed 
to stress alone, conformed with the high mor- 
tality observed. The amount of hormone, 
while sufficient to block resting ACTH secre- 
tion, as indicated by adrenal involution in the 
group given only steroid, clearly did not block 
the pituitary of animals under combined 
treatment. Insofar as hypertension and card- 
iovascular disease were concerned the results 
were less clear-cut. At the second blood 
pressure reading, on the 33rd day, the per- 
centage of hypertensives among the group 
under dual treatment was much greater tnan 
in the group receiving steroid alone; hence 
the average pressure of the group as a whole 
was higher. Unfortunately the subsequent 
high mortality among hypertensives in the 
latter group reduced both average blood pres- 
sure and incidence of hypertension. Further- 
more even the animals surviving dual treat- 
ment were emaciated and listless, and it is 
not surprising that the blood pressure proved 
to be somewhat unstable. It would thus ap- 
pear that hypertensive disease was too great 
an additional burden for animals exposed to 
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both stress and the catabolic action of fludro- 
cortisone to withstand. 


Since cortisone enhances the renal damage 
caused by DCA(6), the great augmentation 
of renal enlargement and renal pathology by 
stress in rats receiving large doses of that 
steroid(2) could be construed as indicating 
that stress caused the adrenals to secrete a 
cortisone-like glucocorticoid. The present 
experiment seems to weaken the force of this 
hypothesis since stress did not as dramatic- 
ally enhance the nephrotoxic action of fludro- 
cortisone, which possesses both mineralo- 
corticoid and glucocorticoid activity in high 
degree. It must be emphasized however, that 
stress enhances the pathologic effects of DCA 
on the vasculature much more markedly at 
high dosage of hormone than at low(2), and 
perhaps the results might have been more 
striking had a higher dosage of fludrocorti- 
sone been employed. The finding of either 
interstitial nephritis or fibrosis in 3 of the 
stressed animals is interesting. Such lesions 
were absent from controls, and animals re- 
ceiving only steroid. Seemingly therefore the 
lesions were not of natural occurrence in the 
strain and may have been caused by stress, 
but suppressed by the anti-inflammatory ef- 
fect of fludrocortisone in the steroid-treated 
stressed group. The slight incidence, how- 
ever, precluded definite conclusions as to 
etiology and pathogenesis. 

Summary. The infiuence of stress upon 
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the response to fludrocortisone was assessed. 
The steroid caused atrophy of the spleen and 
thymus and hypertrophy of the heart and 
kidney, changes which were neither induced 
nor modified by stress. Body growth was 
slightly retarded by stress and markedly im- 
paired by fludrocortisone, but the effect of 
combined treatment was greatest. Although 
the steroid alone caused adrenal involution, 
adrenal hypertrophy was found in animals 
subjected to stress or to stress and steroid 
treatment together. Mortality was insignifi- 
cant from steroid alone, but great among ani- 
mals subjected also to stress. There was 
some indication that stress enhanced the hy- 
pertensive and nephropathic response to 
steroid treatment, but precise assessment of 
this effect was rendered difficult by high mor- 
tality in the group exposed to dual treatment 
and the prevalence of emaciation and lowered 
vitality among survivors. 


1. Hall, C. E., Hall, O., Texas Rep. Biol. and Med., 
1958, v16, 458. 

De , Acta Endocrinol., 1959, v30, 557. 

3 , Am. J. Physiol., 1959, v197, 702. 

4. , ibid., 1959, v196, 946. 

5. Hall, C. E., Hall, O., Adams, A. R.j Ye Appr 
Physiol., 1959, v14, 869. 

6. Selye, H., Acta, Inc., Montreal, Canada, 1950, 
p625. 

7. Selye, H., J. Clin. Endocrinol. and Metab., 1955, 
v15, 384. 


Received June 7, 1961. P.S.E.B.M., 1961, v107. 


Antithyroid Effect of Barbarin (Phenylthiooxazolidone), A Naturally- 


Occurring Compound from Barbarea.* 
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The capacity of certain crucifers to pro- 
duce goiter has been known for some time 
(1). A potent antithyroid compound, goitrin 
(vinylthiooxazolidone), has been isolated 
from the edible parts of some members of 
this family(2,3,4,11) but seems to be con- 
tained in significant concentration only in 


* Supported by a PHS Research Grant. 


turnip and rutabaga. It is present as an in- 
active thioglycoside, progoitrin(5), from 
which goitrin is released by enzymatic hy- 
drolysis. Goitrin has an antithyroid potency 
33% greater than propylthiouracil (PTU) 
in man and 2% that of PTU in the rat(2). 
Recently a related compound, barbarin 
(phenylthiooxazolidone), has been isolated 


ANTITHYROID EFFECT oF BARBARIN 


TABLE I. Antithyroid Activity of Barbarin in 


Rats. 
No. of 
Test material Dose,mg animals Avg % uptake 

Barbarin 10 2 10.4 

me 25 2 8.3 

2 50 2 5.5 

PAU: 0.2 1 8.3 

“ 1.0 2 3.9 
Control* — 2 18.5 


* Vehicle only. 


from various species of Barbarea and from 
Reseda luteola(6,7). This material is con- 
tained in quite high concentration as its thio- 
glycoside, glucobarbarin, in the edible green 
parts of the plants, which have heavy and 
widespread distribution through northern 
Europe. They are consumed by livestock 
and in some areas the young plants are eaten 
in salads or as vegetables. For this reason it 
was considered of interest to determine the 
antithyroid activity of barbarin. 

Materials and methods. Because of the 
small amount of barbarin available, only lim- 
ited studies could be made. Holtzman rats 
weighing 250 g were fed a low-iodine diet for 
7 days. They were then injected subcutane- 
ously with the test substance suspended in 
10% gum acacia in saline. One hour later, 
0.1 »C I'*! was injected intraperitoneally. 
The thyroids were removed and counted in a 
scintillation well-counter 4 hours after radio- 
iodine administration. 

Assays in man were made by the technic 
of Stanley and Astwood(8). Epithyroidal 
counts were made at intervals of 20 minutes 
following administration of a tracer dose of 
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10-20 »C [*! and thyroidal radioactivity 
plotted as percent of the administered dose 
against the square root of the time in min- 
utes. Once the slope of the “accumulation 
gradient” thus obtained had become clear 
(usually approximately 2 hours), the indi- 
cated dose of test substance was administered 
orally. Counting was continued at 20 to 60 
minute intervals for the next 6 to 7 hours and 
repeated again 24 hours after the initial ra- 
dioiodine administration. Changes produced 
in the accumulation gradient were graded 
from O (no effect) to 5 (maximal suppres- 
sion) according to the classification of Stan- 
ley and Astwood. In addition, the 24-hour 
uptake calculated from the accumulation 
gradient was compared with the actual 24- 
hour count(9). 

Results and discussion. The results are 
summarized in Tables I and II. Barbarin 
had an antithyroid activity roughly 1% that 
of PTU in the rat. The antithyroid effect 
of barbarin in man was about 75-100% that 
of PTU. Only limited examination was made 
of PTU since this had been extensively 
studied by Stanley and Astwood(8). Our 
previous assays of this drug as well as in the 
present investigation have confirmed their 
results. 

This study indicates that barbarin has a 
significant antithyroid action, as would be ex- 
pected from its structure. In both man and 
rat it is approximately 50% as potent as 
goitrin. The consumption of considerable 
quantities of plants containing this com- 
pound might therefore be a factor leading to 
development of goiter in both man and ani- 


TABLE II. Antithyroid Activity of Barbarin in Man. 


Accumulation gradient 


24-hr uptake (%) 


Subject Drug Dose (mg) Effect Initial After drug Predicted (9) Actual 
Mi Barbarin 10 0 .69 69 20.0 + 3.2* 22.4 
Mo H 25 0 84. 84 PB) se Bi 26.1 
Be Ye 50 4 97 .00 27.2 + 2.7 18.9 
Je He 50 2 1.65 40 42.6 + 3.1 22.2 
Wo ‘ 100 2 We 18 45.1 + 4.8 33.9 
Lo 2 100 0 93 93 26.2 + 3.0 24.7 
Mi - 209 4 78 .06 22.4 + 2.3 Gal 
Na ‘ 283 + 74 00 21.3: =: 2.0 14.5 
Je Je 10) 50 2 2.34 32 55.1 + 5.4 38.5 
Sa # 100 3 90 .00 25.4 + 2.3 16.1 


* Mean + §.D. 
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mals. The activity of barbarin in animals 
which might feed vigorously on the wild 
plant is unknown. It is unlikely, however, 
that enough barbarin would be transmitted 
to cow’s milk to be a potential hazard in the 
human consumption of this milk(10). 

Summary. The antithyroid potency of 
barbarin, a phenylthiooxazolidone obtained 
from various species of Barbarea and Reseda 
luteola, was assayed by its inhibition of ra- 
dioiodine uptake in rat and man. In both 
species it was found to be approximately 
50% as active as goitrin (vinylthiooxazoli- 
done). 
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Primary monolayer cultures of chick em- 
bryo (CE) and human amnion (HA) cells 
have been utilized in assay of a number of 
animal viruses. To our knowledge, cyto- 
pathogenicity of mumps virus for these cells 
has not been previously reported. In the 
present paper cytopathic changes are de- 
scribed which were induced in these systems 
by mumps virus. 

Methods and materials. Cell cultures. 
Methods of preparation and maintenance of 
primary cultures of HA and CE cells have 
been described(1,2). HA cells were main- 
tained on Enders’ medium(1) and CE cells 
on a medium consisting of 2.5% heat inac- 
tivated calf serum, 1.5% chick embryo ex- 
tract, 48% bovine amniotic fluid (BAF), and 
48% Hanks’ Balanced Salt Solution (BSS). 
For plaque assay 3% Difco agar in BSS was 


* Supported in part by research grant from U. S. 
Public Health Service, Dept. of H. E. W. 

+ Postdoctoral Research Fellow of National Foun- 
dation. 


added to an equal volume of a solution of 
10% inactivated calf serum and 90% BAF. 
Neutral red dye (final concentration 1: 
20,000 or 1:40,000) was added 5-7 days after 
inoculation of virus. Dilutions of virus were 
incubated with cells for two hours at 37°C 
prior to overlay with agar. Virus. Two 
strains of mumps virus were employed: a) 
Enders strain, passaged 47 times in the am- 
niotic cavity and 6 times in the allantoic cav- 
ity of the embryonated egg; b) a strain 
which caused CPE in HA cells on primary 
isolation} and was subsequently passed 8 
times in these cells. Serological tests. Com- 
plement fixation, neutralization and hemag- 
glutination inhibition tests with anti-mumps 
guinea pig serum’ and hemadsorption of 
guinea pig erythrocytes were performed by 


+ This was one of several strains of mumps virus 
isolated in HA cells by Dr. S. Kibrick in this labora- 
tory. 

§ Obtained from Microbiological Associates, Inc., 
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FIG. 1. Chick embryo cells 6 days after inocula- 
tion of mumps virus, demonstrating a giant cell 
with eosinophilic cytoplasmic viral inclusion body 
(IN). Mag. x 350. Hematoxylin and Eosin stain. 

FIG. 2, a and b. Human amnion ¢ells 8 days ¢f- 
ter inoculation of mumps virus demonstrating 
‘spindle’’ cells with eosinophilic cytoplasmic in- 
clusion bodies (IN). Mag. & 250 and 750. Hema- 
toxylin and Hosin stain. 

FIG. 3. Human amnion cells 6 days after inocu- 
lation of mumps virus; demonstrating giant cells 
with eosinophilic cytoplasmic inclusion bodies (IN). 
Mag. X 190. Hematoxylin and Hosin stain. 


standard methods(3,4). 
Experimental. Chick embryo cells. Cy- 
topathogenic effect (CPE) induced by the 
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Enders strain in CE cells was characterized 
by formation of multinucleated giant cells 
(Fig. 1), increased cellular refractility, and 
eventually almost total destruction of the 
cells. Cytopathic changes were observed as 
early as 4-5 days after inoculation of larger 
quantities of virus and by the 10th to 12th 
day with minimal reacting doses (10° 
TCD; )/ml). Eosinophilic cytoplasmic in- 
clusion bodies surrounded by haloes were ap- 
parent after fixation and staining. Similar 
CPE was obtained upon serial passage of 
fluids from infected cultures to fresh prepara- 
tions of chick cells. Cytopathic effects were 
inhibited by addition of mumps antiserum. 
Concomitantly with cell destruction, comple- 
ment fixing antigen and hemagglutinin for 
guinea pig, chicken and frog erythrocytes in 
low concentrations (1:8-1:32 dilutions of 
culture fluid) were demonstrated. 

With agar overlay, viral plaques (1-2 mm 
in diameter) were observed 6-8 days after 
inoculation of virus, but the toxicity of the 
neutral red dye for chick embryo cells made 
this technic less reliable than infectivity as- 
say by tube titration. 

In CE cultures infected with the Enders 
strain hemadsorption of guinea pig erythro- 
cytes was observed 12-24 hours before cy- 
topathic changes appeared. 

In marked contrast to the behavior of the 
chick adapted strain in CE cells the human 
amnion cell strain failed to induce CPE or 
adsorption of erythrocytes. 

Human amnion cells. Infectivity titers of 
the human amnion cell strain in HA cells 
ranged between 10° -°-10°°®TCID;0/ml. 
CPE was noted as early as the third day after 
inoculation and the end point was attained 
after 10 days. Two types of CPE were ob- 
served. The first was characterized by for- 
mation of spindle-shaped cells (Fig. 2a,b) 
and the second type by appearance of multi- 
nucleated giant cells (Fig. 3). Both effects 
were observed in the same cultures, though 
often one or the other predominated. At- 
tempts by terminal dilution technics to iso- 
late a clone inducing only spindle or giant 
cell formation were unsuccessful. 

Viral plaques (1-3 mm in diameter) were 
observed in HA cell cultures under agar 5 
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days after inoculation of virus. Plaque mar- 
gins were not sharply defined and there was 
a tendency for plaques to enlarge eccen- 
trically, creating a comet-like effect. A sat- 
isfactory correlation was noted in compara- 
tive titrations by the plaque and end point 
dilution technics. 

In HA cells infected with the amnion cell 
adapted virus, hemadsorption of guinea pig 
erythrocytes preceded appearance of cyto- 
pathic changes by 12-24 hours. Neither of 
these manifestations of viral activity were 
observed following addition of the Enders 
strain to HA cell cultures. 

Discussion. Multiplication of mumps vi- 
rus in cultures of chick embryo tissues and 
membranes has been reported by several in- 
vestigators(5,6,7,8,9,10). | None, however, 
described cellular destruction associated with 
viral increase with the exception of Taylor 
(9), who observed inhibition of cell migra- 
tion from fragments of infected chick am- 
niotic membrane. Taylor interpreted his 
findings as evidence of viral cytopathogeni- 
city—an interpretation that has been ques- 
tioned by other workers(7,11). The present 
experiments show that in monolayer cultures 
of chick embryo cells chick adapted mumps 
virus consistently produces extensive cellular 
degeneration. 

One can visualize several conditions that 
might account for the failure of previous in- 
vestigators to observe CPE in fragments of 
infected chick embryonic membranes which 
were employed in all these earlier studies. 
For example, the insusceptibility of this tis- 
sue in contrast to that of the embryo itself 
may depend upon innate resistance of the in- 
dividual cellular components. But it is also 
to be considered that resistance of the mem- 
branal cells is determined by preservation of 
their natural arrangement and inter-relation- 
ships under the conditions of cultivation em- 
ployed. When cells are dispersed by trypsin 
and propagated in monolayers, as in the cul- 
tures we have studied, such “community” or 
histological resistance may be lost and the 
susceptibility of individual cells may then be 
readily demonstrable. Some support for this 
hypothesis is, perhaps, afforded by unpub- 
lished experiments of one of us (JFE), in 
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which no evidence of viral multiplication was 
obtained in suspended fragment cultures of 
human amniotic membrane inoculated with 
poliovirus Type I. In human amnion cell 
monolayers this agent, of course, multiplies 
readily and causes complete destruction of 
the cells. 

Although not directly relevant to the ob- 
served discrepancies with chick adapted vi- 
rus in chick tissue cultures it is apparent 
from our results and those of others that 
cytopathogenicity for a given cell system may 
also be determined by the adaptive status of 
the virus. In our hands infection of HA cells 
with the human amnion adapted strain was 
followed by extensive cytopathic changes ter- 
minating in cell destruction whereas chick 
cells proved entirely refractory to this agent, 
as were HA cells to the chick adapted virus. 
Takemoto and Lerner(12) likewise failed to 
demonstrate CPE in cultures of HA cells 
after addition of a chick-adapted mumps vi- 
rus. Henle and Deinhardt(13,14), demon- 
strated the capacity of freshly isolated 
strains to multiply and induce CPE in hu- 
man cell lines and monkey kidney cells in 
contrast to chick adapted strains which could 
not be serially propagated in these cells. Re- 
cently Brandt(15) found that of 4 strains of 
mumps virus that had been cultivated in 
chick embryos only 2 that had received the 
least number of passages in this host were 
capable of continuous multiplication in mam- 
malian cell cultures. 

The viruses of mumps and measles are at 
present considered to be quite unrelated. It 
is of interest, therefore, that the cytopathic 
changes induced by mumps virus closely re- 
sembled those produced by measles(1). Thus 
both giant cell and spindle cell formation 
were regularly seen in mumps infected HA 
cells along with intracytoplasmic inclusion 
bodies. The latter were first described by 
Brandt(10). Intranuclear inclusions so 
characteristic of measles virus infection, 
were, however, not observed. 

Summary. Cytopathogenicity of 2 strains 
of mumps virus for primary cultures of chick 
embryo (CE) and human amnion (HA) cells 
was studied. The chick adapted Enders 
strain induced formation of multinucleated 
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giant cells and extensive cellular destruction 
in CE cells but did not visibly affect HA 
cells. Multinucleated giant and spindle-like 
cells were observed in cultures of HA cells in- 
fected with a low passage human amnion 
adapted strain, which did not visibly affect 
CE cells. With agar overlay technic viral 
plaques were obtained with both strains in 
susceptible cell monolayers. 
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(Introduced by H. P. Rusch) 

Wisconsin Alumni Research Foundation and Department of Pharmaceutical Chemistry, 
University of Wisconsin, Madison 


During one phase of a long-time feeding 
study involving reproduction in rats(1), 
some of the animals were fed a potato diet 
containing an estimated 7% of sprouts (wet 
wt.). On this diet, several of the rats deliv- 
ered dead pups or pups that died within 2 
or 3 days. The adults showed no toxic symp- 
toms except, possibly, a lactation deficiency, 
and successfully raised subsequent litters 
after the sprouts had been eliminated from 
the diet. 

The present report describes studies under- 
taken to confirm the toxic effects of sprouts 
and to isolate and identify the toxic factor 
involved. Exploratory tests confirmed the 
toxicity of the sprouts, both in a synthetic 
basal diet and in ground lab chow, when they 
were fed at a 10% level. When a sample of 
sprouts was dried at 50°, ground, and ex- 
tracted successively with petroleum ether and 
methanol, the toxic factor was found to have 
been concentrated in the methanol extract. 
The methanol extract was found to be rich 


in alkaloids (Mayer’s test). Furthermore 
during preliminary attempts at fractionation 
of the components of the methanol extract 
followed by biological tests, it was noted that 
those fractions which were exposed to mineral 
acid treatment lost an appreciable proportion 
of their toxicity. The latter observations led 


_to the hypothesis that a glycosidic alkaloid 


such as solanine might be the toxic factor in- 
volved. 

The general toxicity of sprouted potatoes 
and of solanine is well documented(2-5). 
However the literature appears to contain no 
studies of the effects of sprouted potatoes or 
of solanine on reproduction of animals. Con- 
sequently, potato sprouts in the frozen state 
were acquired for further sprout feeding tests 
and for isolation of solanine for inclusion in 
the biological tests. Preliminary tests indi- 
cated that the aglycone solanidine was inac- 
tive, and the latter alkaloid was therefore not 
included in the studies reported below. 

Isolation of solanine. Frozen potato 
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sprouts (6.12 kg) were allowed to melt over- 
night at room temperature. The weight of 
the melt was 2.247 kg. The weight of damp 
sprouts was 3.930 kg. The sprouts were dried 
in a forced-air oven at 65° for 24 hours and 
ground; weight of ground sprouts, 802 g. 
Extraction of the dried sprouts was effected 
essentially according to the procedure de- 
scribed by Prelog and Jeger(6). The dried 
sprouts (400 g) were macerated with occa- 
sional stirring with 2% acetic acid (2 1) for 
30 hours. The marc was separated by suc- 
tion filtration and washed with 2% acetic 
acid (four 500 ml portions). The filtrate and 
washings were combined and alkalinized to 
pH 11 with concentrated ammonium hydrox- 
ide. The basic solution was allowed to stand 
for 12 hours at room temperature followed 
by 2 hours in the ice chest, and the crude 
alkaloid was separated by centrifugation. 
After washing twice with 2% ammonia so- 
lution (60 ml), the crude alkaloid was dried 
in a desiccator overnight (weight, 6.3 g). 
Exhaustive extraction with ether in a Soxhlet 
extractor dissolved 1.08 g. The ether-insol- 
uble solid was crystallized from 80% ethanol, 
yielding 1.18 g (0.038%) of crystalline sol- 
anine, m.p. 278° after sintering from 269°. 
Recrystallization from 80% ethanol yielded 
738 mg (0.024%) of solanine m.p. 279° after 
sintering from 270°: [a]#? —58° (c 4.00 
pyr.). Reported m.p. 285°, [a]p —56.5, —60° 
(pyr.) (6). Extraction of the aqueous melt 
afforded only a trace of additional alkaloid. 

Methods. Holtzman rats approximately 4 
months of age were mated, one male to 4 fe- 
males. As soon as pregnancy was indicated 
by increase in weight, the females were 
placed in individual cages and fed one of the 
following diets. 


I Basal (ground commercial lab chow) 


Il “ + 10% ground frozen sprouts 
(wet wt.) 

Ill “ + 30 mg/kg solanine* 

IV “ + 40 mg/kg solanine* 

V “+ 30 mg/kg solaninet 


* Solanine obtained from Mann Research Labora- 
tories, Inc., N. Y., and from L. Light and Co., Ltd., 
Colnbrook, Bucks, England. 

+ Solanine isolated from the frozen sprouts. 


Potato SPROUT AND SOLANINE TOXICITY 


TABLE I. Effect of Potato Sprouts and Solanine 
on Survival of Rat Pups. 


No. Feus % pups No. zero 

Group litters Born Weaned weaned _ litters* 
I 11 115 95 82.6 if 
iO 9 83 42 50.6 5 
nT: 10 100 31 31.0 6 
IV 10 106 33 31.1 5 
Vv + 41 8 19.5 2 


* Litters in which all pups died. 


Some of the rats were on the test diets for 
only a few days before dropping their first 
litter. They were then kept on the test diet 
until they had a second litter. The rats ate 
the diet readily; no food consumption records 
were kept. 

Results. The toxic effect of the test diets 
is indicated in the Table which gives, for each 
diet, number of litters, total number of pups 
born and weaned, percent of total pups 
weaned, and number of litters in which all 
pups died. Most of the deaths occurred 
within 3 days of birth and were evidently 
caused by starvation. 

Group II contained 2 rats which raised one 
litter, and then a second litter while eating 
the sprout diet. None of the pups in the 
other 5 litters of this group survived to wean- 
ing age. 

Group III contained one rat which success- 
fully raised 2 litters on the test diet. 

Discussion. The results of this feeding 
test indicate that the toxicity of potato 
sprouts to pregnant rats is due to the 
alkaloid solanine. The exact nature of the 
toxicity has not been determined. However, 
it was observed that the pups that died did 
not have milk in their stomachs. One at- 
tempt was made to foster nurse control pups 
on a solanine-fed mother. This was unsuc- 
cessful and we did not have another oppor- 
tunity with these animals. There was no 
noticeable effect on the adult males, either on 
body weight or breeding activity. 

The evidence suggests that the alkaloid 
may be toxic for certain functions such as 
lactation, possibly by virtue of an anti-hor- 
mone effect. It also suggests that there is in- 
dividual variation in susceptibility, since 3 
of the rats were able to raise, to weaning, 2. 
litters while consuming a test diet. This is | 
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in contrast to the 18 litters in which all pups 
died. 


Summary. Potato sprouts are shown to be 
toxic to pregnant rats when fed at a level of 
10% of the diet. When the potato alkaloid 
solanine was incorporated into the diet at a 
level approximating the concentration in the 
sprout diet, similar effects were observed. All 
of the pups in 18 of 33 litters born of rats 
eating the test diet died before reaching 
weaning age. Only one of 11 control litters 
was lost. 
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Effect of Nephrectomy and Splanchnicectomy on Plasma Disappearance of 


Labeled Insulin in the Rabbit.* 
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Davin L. PALMER AND ROBERT E. BOLINGER 
(Intreduced by Sloan J. Wilson) 
Department of Medicine, University of Kansas School of Medicine, Kansas City, Kan. 


Studies have revealed that the disappear- 
ance rate of insulin-I**! from the plasma is 
influenced by a number of factors: plasma 
binding(1), state of hepatic and renal func- 
tion(2,3), route and rate of administration 
(4), size of the endogenous insulin pool(5), 
and previous administration of heterologous 
insulin(6). Determinations based on accu- 
mulation of isotope in the liver and kidney 
after injection of insulin-I'*! have implicated 
these organs in the process of insulin degra- 
dation(2). Such evidence is open to ques- 
tion since the concentration of radioactivity 
in these organs does not necessarily have any 
direct bearing on concentration of insulin. 
Berson et al.(1) and Scott et al.(7) have 
noted that the labeled material disappears 
from the plasma according to a curve with 
at least 2 different time components. On the 
basis of electrophoretic studies these authors 
have reasoned that the initial fast compon- 
ent of the disappearance is most representa- 
tive of true insulin while the second slower 
component may represent the disappearance 
of some labeled product other than insulin. 


* This project supported by USPHS grant-in-aid. 


Bolinger and Slinker(3) studied the para- 
meters of the slower component of the disap- 
pearance curve in rabbits and showed that 
the status of hepatic and renal function af- 
fected this component. The following study 
is designed to study the characteristics of the 
rapid component of the disappearance curve 
of labeled insulin in the rabbit and if pos- 
sible arrive at a quantitative measure of the 
importance of the liver and kidney in this 
process. An attempt is made to define the 
system more specifically by including values 
obtained for biologic assay of insulin activity 
in the plasma, in order to arrive at a better 
estimate of the endogenous insulin pool. 
Methods. Adult white rabbits were fasted 
for 48 hours. After light anesthetization with 
pentabarbital blood samples were drawn and 
I'3! labeled insulin (.06 Unit) was injected 
intravenously. Blood samples were drawn 
by cardiac puncture at 10, 20, 30, 45, and 60 
minutes. Plasma glucose was determined by 
the glucose oxidase method(8). Radioactiv- 
ity was determined on both trichloracetic 
acid precipitates and supernatants of the 
plasmas, using a well counter and expressed 
as fraction of dose injected. Electrophoresis 
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was carried out on paper strips using the 
Spinco apparatus. Insulin-like activity of 
the plasma was assayed using the rat dia- 
phragm according to the method of Wille- 
brands and Groen(9). Since the method does 
not discriminate between the small changes 
in plasma insulin activity occurring after the 
injected test dose and at the different samp- 
ling times, activity was determined on a pool 
of the timed plasma samples taken from each 
animal and the level of insulin activity as- 
sumed to be a constant during the test pro- 
cedure. This assumption appeared valid in 
view of the insignificant changes in blood 
glucose after injection of 0.06 Unit of la- 
beled insulin. 

The animals were divided into 3 groups: 
Group I were normal animals; Group II, ani- 
mals in which the kidneys were removed 
acutely just before the test procedure; Group 
III, animals in which splanchnic circulation 
was completely occluded acutely just before 
the test procedure. A group of sham oper- 
ated controls showed no striking deviation 
from the normal. 

Results. Assuming the steady state, rate 
of consumption of insulin can be theoretically 
defined: 

Rae kigsac 
is consumption of insulin (milli- 
units/min/kg) 

k, is a first order rate constant for 
disappearance of labeled insulin 
from the plasma (min-) 

Sis the space of distribution of the 
labeled insulin (ml/kg) 

C is concentration of insulin in the 
plasma as determined by biologi- 
cal assay (milli-units/ml). This 
is assumed to be constant for each 
animal. 

The product k S expresses the volume of 
body fluid (per kg) which is cleared of la- 
beled material per minute. 

The curve of disappearance of the labeled 
material from the plasma can be resolved 
into at least 2 first order components (Fig. 
1). The following determinations are made 
on the rapid component of the curve during 
the first 20 minutes. 

Space of distribution. 


where R 


In the normal rab- 
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bits the labeled material distributed itself 
over a volume of about 18% of total body 
volume, approximately that of extracellular 
fluid (Table I). Nephrectomy produced an 
insignificant decrease in the space while 
splanchnicectomy produced a marked de- 
crease to 4.7%. 

Disappearance constant in the normal ani- 
mals was 0.0471 min corresponding to a 
half time of 15 minutes. Nephrectomy pro- 
duced a significant decrease in the disap- 
pearance constant while the rate in the 
splanchnicectomized animals was not differ- 
ent from normals. 

The disappearance constant can not, how- 
ever, be considered as a true measure of rate 
of disappearance of insulin since the space of 
distribution in each case is different. Thus 
a better measure of the true rate of disap- 
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TABLE I. Parameters of Plasma Disappearance of Labeled Insulin. 


Insulin Rate Insulin TInsulin* Clearance* 
space, constant, Half life, cone., consumption, k§8, 
Group No ml/kg k, Guin) min. 10° U/ml 10° U/min./kg ml/min. 
i 9 186+ 55 .0471+.0189 15+5.1 .78+ .32 7.04+4.22 85+ 3.7 
1M 4 145+19 .0289+ .0045 25+62 82+ .13 3.64+ 2.06 42+ .7 
III di 47+16 .0470+ .0163 17454 5614+2.55 10.57+214 21+ .7 


* Means of groups are significantly different from each other by analysis of variance. 


pearance of insulin is the clearance factor 
(kS). In normals this was 8.5 ml/min/kg 
and nephrectomy was followed by a decrease. 
Splanchnicectomy produced an even greater 
decrease. 

Consumption of insulin (R) in the normal 
animals is 7.04 milli-units/min/kg. Con- 
sumption of insulin is decreased after 
nephrectomy but not after splanchnicectomy. 
Actual increased insulin consumption after 
splanchnicectomy may be only apparent 
since it is based on the striking increase in 
assayable insulin activity from the plasma. 
The increased values for biological activity 
may be a result of exclusion of the liver from 
the circulation which could alter the assay by 
affecting the plasma binding of insulin(10) 
or by permitting accumulation of amino acids 
giving a false high value for insulin like ac- 
tivity (11). 

Rate of appearance of radioactivity in the 
supernatant is a reflection of rate of break- 
down of labeled insulin. This is decreased in 
both Groups ITI and III (Fig. 2). 

The serum from each blood sample was 
electrophoresed and radioactivity from each 
protein fraction assayed. During the first 20 
minutes, used for determination of the disap- 
pearance curves, 95% of radioactivity was in 
the beta globulin fraction. 

Discussion. Evidence for the assumption 
that serum precipitable radioactivity is rep- 
resentative of true insulin after administra- 
tion of labeled insulin, is largely indirect, 
since no direct experiment has yet been de- 
signed to demonstrate this. It is based, first, 
on the finding that after addition of labeled 
insulin to the serum, both biological activity 
and radioactivity are recovered primarily 
from the beta globulin fraction(12). Of the 


protein bound radioactivity in this experi- 
ment, 95% is in the beta globulin fraction. 
Furthermore Scott et al.(7) showed that the 
disappearance of biological activity from the 
plasma paralleled the same rapid component 
curve as that of the radioactivity from the 
globulin fraction, having the same mobility 
as that of insulin. That there are 2 different 
disappearance curves for the radioactivity 
from the serum does not exclude the possi- 
bility that both are representative of true in- 
sulin, since insulin may exist in the plasma in 
various states of binding with the plasma pro- 
tein fractions. 


Splanchnicectomy causes the greatest de- 
crease in quantity of plasma cleared of insu- 
lin per unit of time. The capacity of the or- 
ganism to consume insulin, however, is not 
compromised because of the ability of the 
remaining renal circulation to remove insulin 
at a higher plasma concentration of insulin. 
Conversely the greatest impairment in insu- 
lin consumption is produced by nephrectomy. 
These data are consistent with an hypothesis 
that both renal and splanchnic circulations 
can function in the degradation of insulin, 
but that at a higher level of plasma insulin 
concentration, the renal circulation can as- 
sume all of this function, in spite of a de- 
creased insulin clearance. A true evaluation 
of insulin degradation must take into account 
not only the disappearance rate of the labeled 
material but also insulin concentration and 
space of distribution. 

Summary. The plasma clearance and con- 
sumption of I'*! labeled insulin was deter- 
mined in normal, nephrectomized and 
splanchnicectomized rabbits. The rate con- 
stant for plasma disappearance of labeled 
material was decreased by nephrectomy but 
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not by splanchnicectomy. The plasma clear- 
ance of insulin was decreased by splanchnic- 
ectomy but the remaining renal circulation 
was able to maintain the consumption rate 
of insulin at a normal level. 
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Electron Microscope Studies of Intact Epithelial and Fibroblast 


Cell Surfaces.* 


(26764) 


JouN R. OvERMAN AND A. G. Etrinct 
Departments of Microbiology and Medicine, School of Medicine, Duke University, Durham, N. C. 


The earliest electron microscopic studies 
of tissue cell morphology utilized whole cells 
grown in tissue culture on formvar-coated 
copper wire grids. This technic, as described 
by Porter et al.(1), allowed visualization of 
some cell structures not seen by light mi- 
croscopy, but did not permit the extensive 
studies of cellular morphology afforded by 
ultrathin sectioning. | Consequently, the 
above method has had limited use and only 
a few additional studies(2,3,4) have been re- 
ported. Almost all of these appeared prior 
to the present widespread use of tissue cul- 
ture as an experimental approach to various 
problems. 

Although whole cell preparations are too 
thick to allow resolution of most structures 
in the nucleus and cytoplasm, the cell surface 
is clearly seen. Microvilli and other struc- 
tures which project from the cell surface at 
various angles usually appear in thin sections 
as disconnected parts while in the whole cell 


* This work was supported by U.S.P.H‘S. grant. 

+ Submitted in partial fulfillment of requirements 
for degree of Doctor of Philosophy, Duke University, 
Durham, N. C. 


mounts their structural! integrity is retained. 
For certain studies in progress in this labora- 
tory it was desirable to determine: (a) 
Whether the surface features of different tis- 
sue culture cell types are similar or vary sig- 
nificantly from one cell line to another, and 
(b) whether the surface morphology of one 
cell line studied over a prolonged period of 
time remains constant or varies. The present 
paper compares the surface morphology of 5 
cell types commonly used in tissue culture 
and describes certain modifications of tech- 
nic affording reproducible whole cell prepa- 
rations in which microvilli and other surface 
structures are well preserved and remain free 
of most extracellular debris. 


Materials and methods. Tissue culture. 
Cell types used included chicken fibroblasts, 
mouse fibroblast (““L”), HeLa, Chang’s liver 
and chicken monocytes. These cells were 
grown and maintained in stock flasks of vari- 
ous sizes and after suitable sheets had been 
obtained were trypsinized into suspension. 
The cell suspensions were then adjusted to 
contain the following cell concentrations: 1-2 
million chicken fibroblasts or 600,000 “L”, 
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150,000 HeLa cells or 125,000 Chang’s liver 
cells. HeLa and Chang’s liver strains were 
obtained initially from Microbiological Asso- 
ciates. Chicken fibroblast cultures were pre- 
pared in this laboratory from embryonic tis- 
sue. Chicken monocytes were obtained as 
follows. The buffy coat was separated from 
adult chicken whole blood, washed and _ the 
total cell suspension of 4-5 million cells/ml 
inoculated directly into the Leighton tubes, 
because monocyte sheets are not readily re- 
moved and resuspended from flask cultures. 
All cultures contained penicillin 100 units/ 
ml, streptomycin 100 ng/ml and mycostatin 
50 units/ml. 


Electron microscope grid mounts. Stain- 
less steel 200 mesh grids were glued (scotch 
tape glue in xylene) to a 10 K 50 mm #1 
glass cover slip. This surface was then used 
to pick up a 0.4% collodion membrane which 
was then air dried. Thus, a collodion film 
coated both the grid surface and the sur- 
rounding glass area overlapping to cover part 
of the opposite side of the cover slip. After 
drying, the entire grid-cover slip preparation 
was placed in the vacuum evaporator and 
coated with a thin carbon film. 

Tissue culture cells growing on the coated 
grid were observed by light microscopy dur- 
ing the culture period and removed when 
cells were well spaced over the membrane 
but, of course, before continuous sheets were 
formed. At this point the glass cover slip 
was removed from the tube, washed in buf- 
fered salt (Hanks’) solution and fixed for 90 
seconds in 1% veronal-buffered osmium, pH 
7.4(5). After fixation the cover slip grid 
preparation was washed in distilled water, air 
dried and metal shadowed with chromium. 
Micrographs were made with an RCA-EML 
electron microscope. 

Results. Comparison of the microvilli and 
other surface features of the cells studied re- 
vealed striking morphologic differences and 
the specific structural features associated 
with a particular cell line remained constant 
unless variations were induced deliberately. 
Variations in age of culture, time-length of 
fixation or per cent of osmium used induced 
no significant morphologic changes. This 
does not mean that each cell was precisely 
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TABLE I. Growth of Tissue Culture Cell Lines on 
Grids Coated with Formvar, Collodion and Carbon- 
Collodion Membranes. 


Type of membrane 


Carbon- 

Cell line Formvar Collodion collodion 
Chicken fibroblast 38+ 3+ 44+ 
Mouse fibroblast (L) 0 2+ 44 
HeLa 2+ 2+ A+ 
Liver (Chang) 0 2+ 4-p 
Chicken monocyte 2+ 2+ 44 

4+ = normal growth, no rounded or degenerat- 

ing cells. 


0 = no normal cells, all cells rounded and/or de- 
generating. 


like all others of its type but the differences 
observed were quantitative rather than quali- 
tative. 

The importance of present modification of 
methods for this type of preparation must be 
emphasized since there was marked variation 
in the ability of cells of different cell lines to 
grow on surfaces suitable for electron mi- 
croscopy. Thus, formvar membranes allowed 
reasonably good growth of chicken fibroblasts 
as reported by Porter(1) but were completely 
unsuitable for the “L” cells which did not 
put out processes on this surface and re- 
mained in a rounded form. Under these lat- 
ter conditions few microvilli were seen pro- 
jecting from the cell surface, and degenera- 
tion of most cells occurred within 24 hours. 
The growth of the various cell lines with vari- 
ous membranes is presented in Table I. 

The following paragraphs summarize the 
morphologic observations of several hundred 
cells of each type. These specimens were 
prepared in many separate experiments over 
a period of several months. In no instance 
did the prototype cell morphology vary sig- 
nificantly. For example, “L” cell prepara- 
tions studied months ago and new prepara- 
tions studied recently were entirely compar- 
able as was true with all other cell types. 

Strain “L”, mouse fibroblast (Earle). This 
cell was characterized by its elongated ap- 
pearance and a profusion of microvilli pro- 
jecting from all surfaces (Fig. 1 and 2). No 
nuclear or cytoplasmic structure was ever vis- 
ible. The microvilli were 1-10 » long and 
0.1-0.3 » wide without a terminal bulb struc- 
ture. Microvilli were more profuse in the 
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ELECTRON Microscopy OF CELL SURFACES 


FIG. 1. Mouse fibroblast strain ‘‘L’’ (Earle). Only a few of the larger microvilli (MV) 


are specifically indicated. 
Chromium shadowed. x 1600. 


The cell body is always thick and opaque to the electron beam. 


FIG. 2. A higher magnification of the surface of another ‘‘L’’ cell. The profusion of villi 


projecting from the surface is characteristic. Chromium shadowed. 


x 6400. 


FIG. 3. Chicken fibroblast which has flattened so that some cytoplasmic structures are vis- 


ible. 
shadowed. X 1600. 


The cell shape resembles the ‘‘L’’ cell but microvilli are numerically few. 


Chromium 


FIG. 4. Two Hela cells showing a few intracellular bridges. At this magnification only a 
few microvilli appear to be present. Chromium shadowed. x 1600. 


FIG. 5. Higher magnification of a HeLa cell surface. 


MV-A indicates typical bulbless 


microvilli extending out from cell surface; MV-B locates masses of villi folded back onto cell 


body. Chromium shadowed. x 6400. 


FIG. 6. Typical Chang’s liver epithelial cell surface showing bulbous (B) microvilli which 
extend through or arise from a flap (F) of cell cytoplasm. Chromium shadowed. x 6400. 

FIG. 7. Chicken monocyte. In this cell type villi appeared in patches and most of the visibie 
surface was occupied by a membranous structure, seen here in part, probably corresponding to 
the undulating membrane (UD). Chromium shadowed. x 1667. 


regions of cell processes but were present to 
some extent on all surfaces. 

Fig. 1 shows the typical spindle shape 
which is similar to that of the chicken fibro- 
blast in Fig. 3. The number of microvilli 
(MV) in Fig. 1 represent the minimum 


found with the ‘“‘L” cell. Most cells of this 
type showed the profusion of microvilli seen 
ing hive. 

Chicken fibroblast. As _ previously ob- 
served by Porter e¢ al.(1), this cell tended to 
flatten considerably so that internal cell 
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structure could be seen (Fig. 3). Microvilli 
were absent in most areas and only a few 
er cell were seen, usually concentrated in 
the region of the cell processes. 

HeLa epithelial celi (Gey). This cell 
(Fig. 4 and 5) had an irregular shape exhib- 
iting more variation in this regard than any 
of the cells studied. Internal structures of 
the cell, the nucleus and cytoplasm, were vis- 
ible in about half of the cells. The surface 
was characterized by large numbers of micro- 
villi which varied greatly in length but had 
a fairly uniform width of 0.05 to 0.2 pw. Oc- 
casionally HeLa microvilli terminated in a 
bulb but enlarged areas of the body of the 
villus have not been found similar to those 
noted for Chang’s liver cells. The distin- 
guishing feature of this cell was the folding 
back of the cell edge onto the cell body 
proper as seen in Fig. 5. This configuration 
was present in all the cells examined and con- 
forms in general to the “ruffle edge’ de- 
scribed by Lewis(6). Superficial examina- 
tion of HeLa surfaces at low magnification 
(Fig. 4) would suggest that very few micro- 
villi are present. A higher magnification mi- 
crograph (Fig. 5) shows that a few villi, MV- 
A, project out from the surface but many 
more, MV-B, are seen folded back onto the 
cell body. Although this surface configura- 
tion was found occasionally in the Chang’s 
liver cells (described below) it was far less 
prominent than in the HeLa cells. The fold- 
ing back of the microvilli was not found with 
the chicken fibroblast, the mouse fibroblast 
or the chicken monocyte. 

Liver epithelial cell (Chang). In shape 
and amount of internal structures visible this 
cell resembled HeLa but examination of the 
surface at high magnification revealed two 
distinct differences. As indicated above, the 
microvilli did not tend to fold back onto the 
cell body although this was occasionally seen. 
More characteristic was the appearance of 
bulbous enlargements of the villi (Fig. 6B). 
Usually a single terminal bulb was present 
but in some instances 2 such enlargements 
were found. In addition, villi appeared to 
project through thin flaps or extrusions of the 
cytoplasm (Fig. 6,F). 


Chicken monocyte. This cell generally as- 
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sumed an oval or round shape and the cell 
body was opaque to the electron beam so that 
no internal detail was seen. The cell surface 
was characterized by microvilli appearing in 
patches and varying greatly in number, length 
and width. Fig. 7 illustrates the typical ap- 
pearance of this cell type. Microvilli project 
out from one segment of the surface and the 
remaining surface area consisted of a smooth, 
scalloped membranous structure correspond- 
ing to the undulating membrane (UD) ob- 
served by light microscopy. It is of interest 
that micrographs of this cell invariably 
showed folding of the underlying carbon-col- 
lodion membrane to an extent not found with 
other cell studies. The monocyte is well 
known for its strong adhesion to surfaces on 
which it grows, which may account for the 
folding of the grid membrane. 


Discussion. The present study demon- 
strates that the surface morphology of the 5 
cell lines examined varies considerably from 
line to line particularly in regard to number 
and configuration of the microvilli. On the 
other hand, the surface structure of anv given 
one of these 5 cell lines remains quite con- 
stant and reproducible when the tissue cul- 
ture preparations are made in the manner de- 
scribed. The original method for whole cell 
electron microscopy(1) utilized chicken 
fibroblasts grown on formvar-coated copper 
mesh grids. This technic provides reason- 
ably good results with chicken fibroblasts but 
is of little or no value for some of the other 
cell types. The mouse fibroblast strain “L”’, 
for example, will not grow normally on form- 
var and the other cell lines used have shown 
varying degrees of toxic or abnormal changes 
apparently due to the formvar, the copper or 
both. Carbon-collodion films on_ stainless 
steel grids allow cell growth comparable to 
that observed on glass. 

The reproducibility of the cell surface 
structures of any of the 5 lines examined was 
very good in contrast to the marked varia- 
tions found when the same cells were grown 
on either formvar or plain collodion. Blind 
tests to determine cell type on the basis of 
the surface morphology have demonstrated 
that the distinction between the mouse fibro- 
blast, chicken fibroblast and chicken mono- 
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cyte is extremely easy and accurate. The 
ability to distinguish between the liver epi- 
thelial cell (Chang’s) and HeLa is more dif- 
ficult but can be accomplished if one scans a 
number of cells. It is not proposed that all 
tissue culture cell lines can be distinguished 
in this manner but knowledge of their sur- 
face features may be of some help. 

Some of the features of cell surfaces de- 
scribed here can be seen and have been pho- 
tographed in the light microscope. The un- 
dulating membrane and the patchy distribu- 
tion of the microvilli in the chicken mono- 
cyte and the folding back of the HeLa cell 
edge correspond to similar structures seen in 
light micrographs and reported by various in- 
vestigators(7,8). It would appear, then, that 
the present technics have not introduced an 
inordinate amount of cell distortion. 

Summary. An improved method for the 
electron microscopic study of intact tissue 
culture cells is based on the use of carbon- 
collodion coated stainless steel grids upon 
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which the cells are grown. Cell preparations 
are fixed with buffered osmium and metal 
shadowed. This technic has been applied to 
the study of 5 cell lines including mouse 
fibroblasts strain “L” (Earle), HeLa (Gey), 
liver epithelial (Chang), chicken fibroblasts 
and chicken monocytes. Distinctive surface 
features of these cell lines are described. 
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The Tumor Necrotizing Effect of Lipoid A Component of Escherichia coli 


Endotoxin.* 
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The endotoxins of gram-negative bacteria 
cause a large variety of primary and sec- 
ondary reactions in susceptible hosts, includ- 
ing fever, the local and generalized Shwartz- 
man reactions, hemorrhagic necrosis in ex- 
perimental tumors, as well as alterations in 
non-specific resistance, immunological  re- 
sponse, properdin levels, and dermal reactiv- 
ity to epinephrine(1-5). Chemically, the en- 
dotoxins are complexes made up of polysac- 
charide, protein or peptide, and lipoid. It is 
the polysaccharide moiety that is responsible 
for serologic specificity. Recent studies sug- 
gest that the lipoid A component of this com- 


* This investigation was supported in part by re- 
search grants from Nat. Cancer Inst. and from Nat. 
Inst. of Allergy and Infect. Dis., U.S.P.H.S. 


plex is pyrogenic, alters nonspecific resis- 
tance to experimental infection, and is re- 
sponsible for enhanced reactivity of the rab- 
bit to epinephrine(6,7). 

A trichloracetic acid extract from Staphy- 
lococcus aureus strain D was found to alter 
dermal reactivity of rabbits to epinephrine 
(8) in a fashion comparable to that of endo- 
toxins from gram-negative bacteria and the 
lipoid A component of E. coli endotoxin(7). 
The same staphylococcal extract caused ex- 
tensive hemorrhagic necrosis of mouse sar- 
coma 180(9). The present study was un- 
dertaken, therefore, to determine whether FE. 
coli lipopolysaccharide and the corresponding 
lipoid A component also produce hemorrhagic 
necrosis of sarcoma 180 of mice, and to com- 
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TABLE I. Comparative Necrotizing Effect of 2. 
coli Lipopolysaccharide (LPS) and Lipoid A on 
Sarcoma 180. 


7th day after 8th day after tumor im- 


tumor implantation plantation 
Route of treatment 
Intraper. Intrav. 
Treatment % %o 
No.of posi- No.of  posi- 
Extract ug/mouse animals tive animals tive 
None Om 59 12 40 10 
LPS 5 — —_ 15 40 
i 10 20 20 15 a 
2 20 50 54 30 70 
x 40 20 70 20 95 
Lipoid A 25 — == 15 40 
iv 50 10 50 25 64 
4 100 30 70 19 68 
ss 200 10 90 10 100 


* 


Control animals were inj. with 


amounts of saline solution. 


equivalent 


pare the effects of the E. coli lipopolysacchar- 
ide with that of the same staphylococcal ex- 
tract. 

Materials and methods. Sarcoma 180 was 
implanted subcutaneously in female Ha ICR 
Swiss mice weighing between 18 and 23 g. 
The trocar transplantation technic and cali- 
per measurements of tumor diameters were 
previously described(10). Lipoid A was 
prepared from the highly purified lipopoly- 
saccharide obtained from EF. coli 0111:B4 by 
hydrolysis and fractionation with organic 
solvents(6). This preparation, analyzed at 
the Freiburg laboratory, was composed of D- 
glucosamine, phosphoric acid (ester), and 
the 4 long-chain fatty acids, lauric, myristic, 
palmitic, and beta-hydroxy-myristic acid. It 
contained less than 0.01% of polysaccharide. 
The lipoid A material was dissolved in 0.5% 
dextran of low molecular weight. The lipo- 
polysaccharide and lipoid A_ preparations 
used were the same as those used in the pre- 
vious study(7). Each preparation was in- 
jected either intraperitoneally or intrave- 
nously into tumor bearing mice on the 7th 
day after implantation; control animals re- 
ceived saline. At time of treatment the av- 
erage diameter of the tumors ranged from 11 
to 13 mm. The effects were observed on the 
following day by gross inspection of the tu- 
mor and of the overlying skin, both in the in- 
tact animal and after exposure of the tumor, 
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as described previously(9). Histologic ex- 
amination of the lesions of several animals 
confirmed the gross findings in each case. 

Results. The data on the tumor-necrotiz- 
ing efficacy of E. coli lipopolysaccharide and 
its corresponding lipoid A fraction are shown 
in Table I. 

Lipoid A, like the original lipopolysac- 
charide, produces hemorrhagic necrosis in 90 
to 100% of the tumors. Approximately 4 
to 5 times larger amounts of lipoid A than of 
the lipopolysaccharide were required to ob- 
tain the effect in a similar percentage of ani- 
mals. Intravenous administration of lipo- 
polysaccharide produced hemorrhagic necro- 
sis in a larger percentage of mice than intra- 
peritoneal injection; lipoid A was equally ef- 
fective when given by these 2 routes. From 
these results it is concluded that the polysac- 
charide-free lipoid A component of E. coli 
0111:B4 endotoxin produces hemorrhagic ne- 
crosis in sarcoma 180, similar to the original 
lipopolysaccharide, but that it is less effective 
on a weight basis. 

The results of the evaluation of the F. coli 
lipopolysaccharide and of the staphylococcal 
extract are summarized in Table II. Both 
bacterial preparations caused tumor necrosis 
at doses as low as 10 wg per mouse; the 
staphylococcal extract, however, was slightly 
more potent than the F. coli lipopolysacchar- 
ide. Different rates of absorption of the 2 
preparations from the peritoneal cavity may 
be responsible for this difference, for in one 
experiment both extracts were equally active 
when administered intravenously. 


TABLE II. Comparative Necrotizing Effect of F. 
coli Lipopolysaceharide and Staphylococcal Extract 
on Sarcoma 180. 


Hemorrhagic necrosis 


Treatment 
Extract pg/mouse No./Treated positive 

None O* 6/50 12 
E. coli lipopoly- 10 2/10 20 
saccharide 20 23/40 58 
4() 7/10 70 

S. aureus D extract 10 6/10 60 
20 18/20 90 

40 9/10 90 


* Control animals were given equivalent amounts 
of saline solution. 
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Discussion. Endotoxins of gram-negative 
bacteria have attracted renewed interest dur- 
ing the past few years. The extraordinary 
number of biologic effects that they exert in 
susceptible animals have prompted further 
studies on their chemical composition in rela- 
tion to their biologic activity. The lipopoly- 
saccharide moiety exerts most, if not all, of 
the biologic effects. The lipoid A component 
of this complex was found to be pyrogenic, 
to alter nonspecific resistance to experimental 
infection, and to enhance reactivity of the 
rabbit to epinephrine(6,7). The present 
study describes an additional activity of the 
lipoid A component, namely, that this frac- 
tion can cause hemorrhagic necrosis of mouse 
sarcoma 180. In the present experiments, 
lipoid A was approximately 5 times less ef- 
fective than the lipopolysaccharide complex 
from which it was derived. The tumor necro- 
tizing activity of lipoid A cannot be attrib- 
uted to contamination with intact lipopoly- 
saccharide, for careful examination for sugar 
constituents showed that the lipoid A prepa- 
ration used contained less than 0.01% of 
polysaccharide. It is conceivable that only 
a portion of lipoid A is responsible for the 
biologic effect described here. It is impor- 
tant to point out in this connection that by 
aqueous ether extraction Ribi and associates 
obtained highly effective endotoxic products 
with a low lipoid content(11). Products 
containing 1 to 4% bound lipoid were as 
toxic as endotoxins containing as much as 15 
to 30%. The identity of the chemical de- 
terminant(s) responsible for the numerous 
biologic activities of endotoxins requires fur- 
ther study. 

Recently, Schaedler and Dubos(12) ob- 
served that albino mice (Rockefeller NCS 
strain) raised and maintained free of ordi- 
nary bacterial pathogens, including Escheri- 
chia coli, were highly resistant to the lethal 
effect of bacterial endotoxin, but highly sus- 
ceptible to its infection-enhancing effect. 
With the acquisition of intestinal flora from 
other mice the animals became susceptible to 
the lethal effect of endotoxin. In view of 
these observations the mechanism of the tu- 
mor necrotizing effect of endotoxins (lipo- 
polysaccharides) and of their subfractions, 
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such as lipoid A, deserves further investiga- 
tion. 

Most of the previous investigations on en- 
dotoxins were carried out with products ob- 
tained from gram-negative bacteria. Re- 
cently, a trichloracetic acid extract of S. 
aureus was found to alter dermal reactivity 
of the rabbit to epinephrine(8), in a fashion 
comparable to that of E. coli lipopolysac- 
charide and its lipoid A component(7). The 
same staphylococcal extract also causes hem- 
orrhagic necrosis of mouse sarcoma 180(9, 
13). In addition, Higginbotham and Bass 
found that the Fritchie strain of S. aureus 
has the same activity on this tumor(13). In 
the present study, the tumor necrotizing ef- 
ficacy of the staphylococcal extract of strain 
D was of the same order of magnitude as 
that of the E. coli lipopolysaccharide. Fur- 
ther investigations are necessary to determine 
the composition of the toxic factor(s) of 
staphylococci. Definition of this factor as 
endotoxin must await clarification of the 
chemical relationship, if any, between the 
staphylococcal toxin and the endotoxins of 
gram-negative bacteria. 

Summary. The polysaccharide-free lipoid 
A component of EZ. coli 0111:B4 endotoxin 
produces hemorrhagic necrosis in sarcoma 
180 of mice, but is somewhat less effective 
than the lipopolysaccharide from which it 
was derived. A trichloracetic acid extract ob- 
tained from S. aureus strain D was slightly 
more effective than the E. coli lipopolysac- 
charide on this tumor. 
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The highly pyrogenic and toxic endotoxins 
elicit, at microgram doses, a wide spectrum 
of biological effects including stimulation of 
non-specific host resistance to infection(1-3). 
Attempts at dissociation of im vivo properties 
of endotoxin by chemical modification, 
largely by hydrolytic measures, have been 
unsuccessful. This preliminary report of 
our studies on chemical modification of endo- 
toxin, utilizing reactions resulting in substi- 
tution at functional groups known to be pres- 
ent in the molecule, describes a fraction iso- 
lated after acylation which is grossly detoxi- 
fied but retains quantitatively the ability to 
stimulate resistance to infection with heter- 
ologous microorganisms. Recovery of origi- 
nal pyrogenicity and acute toxicity by mild 
saponification, failure to confer tolerance to 
the original endotoxin, degree of immuno- 
genicity, retention of tumor-necrotizing ac- 
tivity, as well as the properties of other frac- 
tions isolated, will be reported separately. 
While our manuscripts were in preparation 
Noll and Braude(4) reported detoxification 
of endotoxin by reductive cleavage of ester 
bonds, yielding a product of high immuno- 
genic potency. 

Materials and methods. In all procedures, 
preparative and testing, usual precautions to 
avoid pyrogen contamination were observed. 
Preparation was accomplished by adding 25 
ml acetic anhydride to 100 mg S. typhosa 
0-901 endotoxin (Difco) and 10 mg anhy- 
drous sodium acetate, and heating in a boil- 
ing water bath for 2 hours. After cooling, 


the anhydride was removed as a clear solu- 
tion containing approximately 30% of the 
starting material, by centrifugation. The 
residue was dried under No to remove all 
anhydride, washed 3 times with pyrogen-free 
saline and finally with water, the washes re- 
moving a fraction (20%) yielding a fine sus- 
pension like the original endotoxin. The 
washed residue (50% yield), which is the 
subject of this report, was dried under No» 
and ground to a fine powder in a mortar. 
This lyophobic fraction was triturated with 
small amounts of pyrogen-free saline, then 
diluted to desired concentrations. Acetyl 
content, by alkaline hydrolysis, was 12% 
compared to 1.6% for the original endotoxin. 

Tests for acute toxicity and protection 
against infection were done with ICR mice 
(Bellewood) weighing 16-18 g. For pyrogen 
tests 2-2.5 kg male rabbits of mixed breed 
were used. Dosage, routes of administration, 
and time schedules are given below. Strains 
of Pseudomonas aeruginosa and Escherichia 
coli from our culture collection were em- 
ployed in the resistance studies described be- 
low. Both organisms were grown in brain 
heart infusion broth (Difco) for 18 hours at 
35°C and appropriately diluted in sterile 
broth prior to injection of 0.25 ml 7.p. The 
E. coli inoculum consisted of approximately 
Za ee ia viable cells per ml while the Ps: 
aeruginosa viable count amounted to about 
6 < 108 cells per ml. 

Results. The data in Table I demonstrate 
the reduction in acute toxicity: the acetyl- 
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TABLE I. Acute Toxicity of Endotoxin and 
Acetylated Fraction in Mice. 
Dead/Total 
Dose, mg Endotoxin Acetylated fraction 
3 3/20 1/10 
6 17/24 0/9 
9 10/10 0/10 


All doses given i.p. in saline with deaths recorded 
for 72 hr after inj. 
ated fraction was non-lethal at a dose which 
for the original endotoxin killed all animals. 
Another preparation, available in larger 
amount, was also non-lethal at 1 mg but pro- 
duced deaths at 2 mg. Reduction in pyro- 
genicity is illustrated in Fig. 1. The data in- 


FIG. 1. Mean febrile responses of groups of 5-8 
rabbits each, given original endotoxin or acetylated 
fraction 1.v. 


dicate a reduction by one-thousand fold; in- 
dividual preparations, by this method, have 
ranged from 1/100 to 1/10,000 the original 
pyrogenicity. 


DISSOCIATION OF ENDOTOXIN ACTIVITIES 


The resistance to a lethal challenge of Ps. 
aeruginosa or E. coli in mice pretreated with 
endotoxin or the acetylated fraction was sig- 
nificantly increased compared to the saline 
controls (Table II). In this system the de- 
gree of resistance elicited by microgram doses 
of either endotoxin or its detoxified deriva- 
tive was essentially the same. 


Discussion. The acetylated fraction of 
bacterial endotoxin described herein repre- 
sents a clear dissociation of im vivo proper- 
ties, the toxic and pyrogenic effects being 
grossly reduced without alteration of stimula- 
tion of non-specific resistance to infection. 
The latter, it should be emphasized, is demon- 
strated with doses of the same order of magni- 
tude as those shown for determining pyroge- 
nicity. Additional data also indicate equiva- 
lence between the 2 materials in promoting re- 
sistance to infection with various other gram- 
negative and gram-positive microorganisms. 
That this selective reduction in toxic proper- 
ties is attributable to the acetyl groups intro- 
duced is supported by the finding, to be re- 
ported, that the original pyrogenicity and 
acute toxicity are recovered by de-acetylation 
with alkali. The detoxified immunogenic 
preparation recently reported by Noll and 
Braude(4) confers tolerance to both the py- 
rogenicity and lethality of the original endo- 
toxin; it is of interest that the acetylated 
fraction described above does not confer such 
tolerance, measured by the same parameters. 

Summary. The dissociation of biological 
properties of bacterial endotoxin by chemical 


modification is described. A fraction iso- 


TABLE IT. Increased Resistance to Infection in Mice Following Administration of Endotoxin 
and Acetylated Fraction. 


Group Dose, wg* Challenge organism Dead/Totalt % survivors 
Saline —- Ps. aeruginosa 10/10 0 
Endotoxin 1 ie 8 6/10 40 

” 10 hy) ” 4/10 60 
Acetylated fraction 1 a es 6/10 40 
” ” 10 Dy) ” 3/10 70 
Saline a= E. coli 7/10 30 
Endotoxin 0.1 hae BY 4/10 60 
i il oe bos 2/10 80 
Acetylated fraction 0.1 es 4/10 60 
” ” 1 ? ” 2/10 70) 


* All doses given 4.p. in 1.0 ml of saline 24 hr prior to challenging infection. 


+ Deaths recorded after 72 hr, 


SUPPRESSION OF FoREIGN Marrow REACTION 


lated after acetylation of endotoxin exhibits 
grossly reduced pyrogenicity and acute tox- 
icity but retains the original potency in stim- 
ulating non-specific host resistance to infec- 
tion. 


The authors are indebted to Prof. A. S. Gordon 
for suggesting we undertake studies on chemical 
modification of endotoxin, and for his encouragement 
and criticism. The technical assistance of Miriam 
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The bone marrow of normal mice is com- 
posed of a mixed population of cells differing 
in morphology and function. On transplan- 
tation of viable marrow cells into lethally ir- 
radiated homologous recipients, various 
blood-forming elements repopulate the mar- 
row, the red pulp of the spleen [see review 
article of Smith and Congdon(1)] and the 
antibody-forming lymphoid tissues of the 
host(2,3). Probably only a small percentage 
of the marrow cells or their precursors are 
antibody-forming, since as few as | x 10° 
transplanted marrow cells protect against ra- 
diation lethality(4,5), whereas as many as 
12 10° transplanted marrow cells do not 
confer on lethally irradiated recipients the 
capacity to synthesize antibodies(6). The 
radiation dose required to reduce cell survival 
by a factor of 0.37 is estimated at about 115 
rads of Co® rays for blood-forming cells(7) 
and 130 r of 250 kvp X-rays for spleen cells 
producing humoral antibodies(8). It seemed 
possible, therefore—-the radiosensitivity of 
the 2 cell types being comparable—that the 
antibody-forming cells in mouse bone marrow 
could be largely eliminated by exposing the 
animal to an X-ray dose lethal to all but 2- 
6% of its total marrow population. Marrow 
thus deprived of immunologically active cells 
and transplanted into a lethally irradiated 


* Operated by Union Carbide Corp. for U. S. 
Atomic Energy Comm. 


homologous recipient would presumably re- 
populate the recipient’s hemopoietic sites but 
lack usual graft-versus-host immunological 
reactivity. Data presented here do, in fact, 
indicate that preirradiation of marrow donors 
reduces the incidence and severity of secon- 
dary disease in irradiated homologous recipi- 
ents. 


Materials and methods. Adult hybrid mice 
(5-8 months old) of the following strains 
were used as recipients and donors: (101/ 
Gunwe <) Cati/Ant) 'Cum) iy 7 (C57 BE 
(Cum S< IG ACammyla, (CSAL/fCum S< AY! 
Hem Cum) Fy, “(C57BL/6 Cum) DBAy2 
Cum)F,, and (BALB/c Cum * A/He Cum) 
F,. These strains are hereafter designated 
as 1C3F;, BIF,, LAF,;, B6D2F,, and CAF,, 
respectively. In every case, donor and recipi- 
ent were of the same sex. Recipients were 
exposed to 950 r whole-body X radiation; 
irradiated donors were exposed to 400 r or 
500 r 30 minutes before sacrifice. In some 
instances, the donor mice were given a radio- 
protective compound, S, £-aminoethylisothi- 
uronium * Br > HBr (AET), 20-30 minutes 
before irradiation. Nine milligrams of AET 
in 0.2 M phosphate buffer (pH — 7.4) were 
injected intraperitoneally per mouse. The 
X-ray dose rate was approximately 85 r/ 
min; TSD, 93.5 cm; 300 kvp; 20 mA; 4.78 
mm of Be inherent filtration and 3 mm of Al 
added filtration, and hvl, 0.55 mm of Cu. 
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TABLE I. Survival of Lethally Irradiated Mice Following Implantation of Homologous Mar- 
row (30 Mice per Group). 
ee Oe ea Eee 
EE — —— ee EEE 
No. surviving 


21 days No. surviving 90 days yneidence sec- 
Donor Secondary Secondary ondary morbid- 
‘a \ disease disease ity and mor- 
Recipient strain Strain Treatment present absent tality (%) 

B1lF CAF None 29 0 0 100 
: ; 400 r 22 6 9 59 
1C3F BedD2k None 30 2 0 100 
. "400-4 28 4 13 53 
1C3F LAF None* 27 0 0 100 
ae ‘ ‘a 30 6 0 100 
ADT 30 3 0 100 
400 r 24 0 15 37 
AET + 400r 30 6 18 40 
500 r 20 2 18 10 
AET + 500r 28 0 28 0 


* 1.5 X 10° nucleated cells inj. instead of 60 < 10°. 


Marrow cells were flushed from the femur 
with Tyrode’s solution using a syringe with 
a 24-gauge needle. The nucleated cells were 
counted in a hemocytometer. Recipients 
were inoculated in a tail vein with 60 
10° nucleated cells within 3 hours after irra- 
diation, unless otherwise stated. The hemo- 
globin type in the peripheral blood of marrow 
recipients was characterized(9) at 60 and 90 
days after marrow infusion to ascertain 
whether the donor cells had transplanted. 
Mortality was recorded for 90 days after 
treatment; the terms “early death” and “de- 
layed death” refer to death during the first 21 
days and during the 21- to 90-day-period 
after irradiation, respectively. The incidence 
of secondary disease was estimated by in- 
cluding the dead and clinically affected mice 
surviving more than 21 days after irradiation. 

Results. The experimental results are pre- 
sented in Table I. In all host-donor combi- 
nations, the unirradiated marrow protected 
against early radiation lethality. Secondary 
mortality, however, occurred during the sec- 
ond and third months: Variations in severity 
and incidence of secondary disease were ob- 
served in different host-donor strain combi- 
nations, but not in relation to number of mar- 
row cells transferred. Preirradiation of donor 
mice with 400-500 r usually reduced the abil- 
ity of 60 & 10° nucleated marrow cells to 
protect irradiated recipients against early ra- 
diation lethality; however, such animals sur- 


viving 21 days exhibited symptoms of sec- 
ondary disease less frequently than compar- 
able recipients of unirradiated marrow. Sec- 
ondary disease, recognized by weight loss, 
diarrhea, and delayed hair-graying was al- 
most invariably fatal to mice protected with 
unirradiated marrow. However, the disease 
was mild and transient in recipients of irra- 
diated marrow. The latter mice survived and 
their hair grayed 40 to 90 days after irradia- 
tion. When LAF, donor mice were given 
AET before exposure to 400-500 r, the mar- 
row was just as effective in preventing early 
radiation death as marrow from unirradiated 
donors, indicating that a significant number 
of hemopoietic donor cells were protected 
against radiation damage by the AET. In 
the recipients given marrow from irradiated 
donors either treated with AET or not, inci- 
dence and severity of secondary disease was 
equally low, which suggests that the com- 
pound did not protect antibody-forming cells 
in the marrow. Chemical treatment of unir- 
radiated donors had no detectable effect on 
the occurrence of secondary disease. All the 
IC3F, recipients of LAF, or B6D2F, mar- 
row that survived more than 90 days after 
treatment, had donor-type hemoglobin (90- 
100% of total hemoglobin) in the peripheral 
blood, irrespective of the treatment given the 
donor. All the B1F, recipients of irradiated 
CAF, marrow had donor-type hemoglobin 
(90-100% of total) 60 days after treatment, 
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but by 90 days the hemoglobin had reverted 
to host type in 10 out of 15 mice. Probably 
the number of irradiated viable CAF, blood- 
forming cells inoculated was suboptimal, 
since the CAF, mouse is more radiosensitive 
than the other 2 donor strains employed(10). 
Regression of the grafted marrow in homolo- 
gous chimeras occurs when small numbers of 
donor cells are inoculated into the irradiated 
recipients(11). 

Discussion. The incidence and severity of 
secondary disease in homologous bone mar- 
row chimeras was reduced by pre-exposure of 
the donor mice to 400-500 r of total-body X 
radiation, which strongly indicates that im- 
munologically competent cells or their pre- 
cursors in the donor marrow did not survive 
irradiation in large numbers. Conversely, 90- 
100% of the hemoglobin in the blood of the 
chimeras was of donor type, indicating that 
erythropoietic cells of the irradiated marrow 
survived in large enough numbers to repopu- 
late the host, although 400-500 r were esti- 
mated to have killed 94-98% of all donor 
hemopoietic cells(7). Transferring a small 
number of unirradiated bone marrow cells, 
the number being comparable to that esti- 
mated to survive 400 r, does not prevent sec- 
ondary disease in homologous chimeras. 
Hence, a nonselective reduction of the over- 
all population per se does not reduce the in- 
cidence of secondary disease and is not the 
mechanism by which preirradiation of the 
marrow donors suppressed secondary disease 
in homologous chimeras. 


Simonsen(12) and Popp(13) suggested 
that immunologically competent cells trans- 
planted at different stages of maturation may 
behave differently in homologous recipients, 
the more mature cells reacting against host- 
type transplantation antigens, the immature 
ones being unresponsive when they mature. 
It may be postulated, therefore, that irradia- 
tion of donor mice eliminated mainly the ma- 
ture antibody-forming cells and that the im- 
mature ones surviving may have become spe- 
cifically unresponsive to the host antigens. 
Preliminary tests, 7.¢e., retransplantation of 
chimeric spleen cells, indicate that the im- 
mune machinery in the surviving recipients 
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of irradiated marrow is of donor type (Cud- 
kowicz, unpublished data). 

Administration of a radioprotective com- 
pound to the donor mice to be irradiated ap- 
parently had a selective effect in that the 
hemopoietic cells survived irradiation treat- 
ment better than the cells reacting immuno- 
logically against transplantation antigens. 
This conclusion is inferred from the fact 
that donor hemopoietic cells were functional 
at time of transplantation and were able to 
proliferate and to repopulate the host. Nev- 
ertheless, the chimeras failed to develop im- 
munological disorders (secondary disease), 
implying that the irradiated immunologically 
competent cells were not protected by AET. 
That AET was able to protect hemopoietic 
elements of marrow against radiation injury 
agrees with results obtained by Smith(14) 
and by Doherty(15). That the drug did not 
protect immunologically competent cells 
against radiation injury to the same extent is 
supported by other direct(16) and indirect 
evidence(17). 

Summary. Preirradiation of donor mice 
with 400-500 r of X-rays resulted in a 
marked reduction of secondary disease in 
homologous radiation bone marrow chimeras. 
The results are tentatively attributed to 
elimination of immunologically competent 
cells from donor marrow by X radiation to 
an extent adequate to inhibit the develop- 
ment of clinically significant graft-versus- 
host immune reactions. This effect was not 
detectably inhibited by administration of a 
radioprotective compound (AET) 20-30 min- 
utes before irradiation of donor mice, imply- 
ing that AET did not protect immunologi- 
cally competent cells to the same extent as 
hemopoietic cells against radiation injury. 
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Roswell Park Memorial Institute, Buffalo, N. Y. 


Friend Virus infection in Ha/ICR Swiss 
mice produces a syndrome characterized by 
2 distinct responses. The first, a malignant 
disorder, involves uncontrolled proliferation 
of reticulum cells with massive involvement 
of spleen and liver. The second response in- 
volves the hematopoietic system and mani- 
fests itself by an increased production of 
erythroblasts, erythrocytes and leukocytes. 
Previous studies by Mirand, et al.(1) dem- 
onstrated selective uptake of Fe°® in the 
spleen of infected animals and supported the 
hypothesis that the increased erythropoiesis 
was largely due to increased erythropoietic 
activity in the spleen. Further studies of the 
relationship of the spleen to the hemato- 
poietic response were done and constitute the 
basis of this report. 

Method. Mice employed in this study 
were Ha/ICR Swiss male mice 6-8 weeks old, 
obtained from our own breeding colonies and 
maintained on a diet of Derwood-Morris pel- 
lets. 

Friend Virus(2) was obtained through the 
courtesy of Dr. Charlotte Friend, Sloan-Ket- 
tering Institute, New York City and was in 
its 12th serial passage in our laboratory at 
the beginning of this study. A pool of the vi- 


* This study was supported in part by grants from 
U. S. Public Health Service, John A. Hartford 
Foundation, Inc. and Atomic Energy Commission. 


rus was obtained from this passage by homo- 
genization of 10% infected spleen mince sus- 
pension in cold Locke-Ringer solution, clari- 
fication by centrifugation for 10 minutes at 
5000 G at 5°C and subsequent filtration of 
the supernate through a HA-grade Millipore 
filter with an EF. coli marker. This filtrate 
was stored in sealed ampoules in a dry ice 
chest until used. The standard inoculum 
for each mouse was 0.2 ml intraperitoneally. 
This inoculum produced typical disease in 
about 85-90% of our mice. A minimum of 
15 mice was used for each point in the vari- 
ous experimental groups. 

Hematocrits were determined with Drum- 
mond microhematocrit capillary tubes. Leu- 
kocyte and erythrocyte counts were done in 
standard human diluting pipettes and a he- 
mocytometer. Blood films were stained with 
Wright-Giemsa stain. 

In the groups having splenectomies, the 
procedure was performed 3 days prior and 4, 
19, 21 and 27 days after inoculation of the 
virus. 

Results. Table I illustrates the character- 
istic splenomegaly which occurs in Ha/ICR 
Swiss mice following infection with Friend 
Virus. The rapidity with which splenic en- 
Jargement occurs is related largely to the 
size of the original inoculum. When a dilu- 
tion of 10 was inoculated there was roughly 
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TABLE I. Change of Spleen Weight in Ha/ICR 

Swiss Mice Inoculated with Friend Virus of Dilu- 

tion Varying from 107 to 10°. Spleen weights in g 
as function of time after inoculation. 


Days 10> HOF ORY Or tins 
0 14 15 15 14 15 

6 1.6 1.51 all 14 15 
12 2.0 1.12 32 18 15 
18 1.8 I gd 16 28 
24 2.6 2.0 1.5 34 20 
30 3.1 2.3 1.6 58 22 
36 2.9 2.25 2.1 1.32 18 
42 2.2 2.1 2.2 2.2 20 


a 10-fold increase in splenic weight in 6 days 
(Table I). With higher dilutions more time 
was required for development of spleno- 
megaly. While the increase in spleen weight 
occurred rapidly in the early post-infection 
period it soon reached a plateau (time de- 
pending on titer of inoculum) and remained 
relatively constant thereafter. 

The leukocytosis which accompanied the 
splenomegaly is shown in Fig. 1 and Table 
II. The upper curve in Fig. 1 represents to- 
tal circulating leukocyte count and Table II 
shows the relative numbers of granulocytes 
and lymphocytes. The level of leukocytes in 
the peripheral blood rose rapidly and reached 
a peak at about 20 days. Thereafter, there 
was a gradual decline which leveled off at 
lower but still significantly elevated levels. 


Microscopic study (Table III) of the white 


cells in the peripheral blood revealed essen- 
tially only immature and mature leukocytes 
without definitely abnormal forms of either 
lymphocytes or granulocytes. This might be 
aptly termed a “leukemoid reaction” such as 
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may occur in response to an infectious proc- 
ess. Table III shows a marked granulocy- 
tosis that usually appears 26 days after in- 
fection. 

One of the most sensitive indicators of 
Friend Virus infection was previously shown 
to be the development of a peripheral eryth- 
roblastosis(1,2,3). This response is shown 
in Table II in the line marked controls under 
erythroblasts. 

In splenectomized mice, the marked leuko- 
cytosis following infection with Friend Virus 
did not occur. Table II shows that the leu- 
kocyte count was not significantly elevated 
as long as 48 days post-inoculation. These 
mice were splenectomized 3 days prior to in- 
oculation with a 10+ dilution of the virus. 
The controls were animals which received 
the same inoculum of virus but were not 
splenectomized. Fig. 1 shows a comparison 
of leukocyte levels between mice splenecto- 
mized 3 days prior to virus inoculation and 
mice splenectomized 4 days after virus infec- 
tion. The upper curve in Fig. 1 represents 
the non-splenectomized controls receiving the 
virus and the lower lines represent splenecto- 
mized mice which were followed for a total 
of 60 days. No peripheral leukocytosis ap- 
peared in the splenectomized group. observed 
for 2 months. 

Fig. 2 and 3 show comparable data for the 
hematocrit and red blood count observed in 
the non-splenectomized controls whereas no 
rise was observed in splenectomized mice dur- 
ing this period. Likewise, the usual appear- 
ance of large numbers of erythroblasts in the 


TABLE II. Effect of Splenectomy on Ha/ICR Swiss Mice Response to Friend Virus as Meas- 
ured by Circulating Blood Cell Count. Mice splenectomized 3 days before virus inoculation. 
Cell counts in 10* per mm*. 


Days after 


virus inoe. 6 13 20 27 34 48 
Granulocytes 5.9 1.2 4.7 2.2 8.2 3.9 
Controls* 9 13 100 62 53 40) 
Lymphocytes (ofl 3.4 6.3 5.7 10 4.6 
Controls* 17 25 115 72 50 40) 
Erythroblasts 0 0) 0 Oil 02 0) 
Controls* 0 1.4 4.0 28 12 IL 
Liver wt (g)t 2.42 2.34 2.50 2.00 2.46 2.68 


* Controls are cell counts in mice not splenectomized but which were inoculated with 10% of 


standard virus filtrate. 


+ Liver weights in mice splenectomized 3 days before virus inoculation. Avg normal liver wt 


is 2.40 g. 


826 MopIFICATION OF FRIEND DISEASE BY SPLENECTOMY 


250 80 
200 
= i 60 
= os 
oO ” fn 
we 2'50 O 
x z o 40 
ao 
S$ B: 
100 
2 
5) 2 = 
9° = J 20 
o Z 50 = 
: x 


fo) 
) fe) 20 30 40 50 60 0 10 20 30 40 50 
(2) DAYS AFTER VIRUS INOCULATION 


13 40 


30 


10° PER CMM 


20 


RBC 
BONE MARROW 


% ERYTHOBLASTS IN 


fe) 10 20 30 40 50 60 0 10 20 30 40 50 
® DAYS AFTER VIRUS INOCULATION DAYS AFTER VIRUS INOCULATION 


= 
= = 
oO oO 
60 10 50 fa 
a 
Ww WwW 
a a 
(ep) is} 40 wn 
° 4 es 
De 4 a 
lJ 
Le oO Pe 
— 50 8 30 O 
rn © m 
oO ° ° 
° = 
z Sa 200 
= oO ao 
l oO = 
a RA Ke a ee SS eee 
Le 8 10 
(0) 5 10 15 20 25 
GO) DAYS AFTER SPLENECTOMY 
FIG. 1. Cireulating total WBC count in Friend virus infected Swiss mice: —@—@—, in- 
5 : : A A eer Zs 
fected non-splenectomized mice; —O--—O©O-, splenectomized mice not virus infected; @, miee 


splenectomized 3 days 
fection. 


FIG. 2. Hematocrit expressed as % in Swiss mice inoculated with Friend virus plotted 
against time after inoculation. @, non-splenectomized infected mice. A, mice splenectomized 
3 days before inoculation. ©, mice splenectomized 4 days after inoculation. g§, control mice 
splenectomized but without virus inoculation. All inoculations at 104 standard filtrate. 


prior to virus inoculation; gg, mice splenectomized 4 days after virus in- 
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TABLE III. Representative Counts of Blood of Ha/ICR Swiss Mice* Receiving Friend Virus 
ClO), 


ee ee ae ee ee tel Et) ee 
oe 


Total Neutrophils Lymphocytes 
WBC Ma- Mono- Other ab- avi 
Days HT count M J ST Seg Blast ture cytes normal cells Spleen Liver 
0 42 7,550 1 26 2 69 2 1 Ferrata silt) ks) 
6 39 19,400 4 26 1 68 1 OMmEEOO, 
13 47 34,850 1 3 33 5 50 5 2 Megakarocytes 1.13 2.46 
PA) BRE ICAO) als} @ 36 1 4H 8 3 Friend, LOM OU) 
1 Rieder 
26 ©6811 60,000 4 5 12 26 7 40 6 2 Friend 3.60 2.79 
3 a O00 wai 195) 646 5 31 3 4 Friend 2.12 2.83 
48 83 26;000 RS Saar Sie Les 6 5 29 8 2 Ferrata, 1.66 2.89 
1 Rieder 
62 70 274,000 2 4 10 59 3 19 3 3 Friend 2.46 2.73 


* Non-splenectomized Swiss mice. 


peripheral blood did not occur in the splenec- 
tomized group. It is interesting, however, 
that examination of the bone marrow of the 
infected splenectomized group showed some 
increase in numbers of erythroblasts in the 
bone marrow (Fig. 4). However, these did 
not appear in the peripheral blood and there 
was no increase in peripheral erythrocyte 
levels. 

This interesting relationship of the spleen 
to development of leukocytosis, erythroblas- 
tosis and erythrocytosis prompted us_ to 
study the effect of splenectomy in mice which 
had already developed the full blown Friend 
Virus Disease syndrome. Mice were inocu- 
lated with a 107 dilution of virus and were 
divided into 3 groups. The first group was 
splenectomized 19 days post-inoculation, the 
second group at 21 days and the third at 27 
days. Portions of each group were kept as 
non-splenectomized controls. Prior to splen- 
ectomy, hematocrits, leukocyte and erythro- 
cyte counts were done. Since the same re- 
sults were seen in the 19 and 27 day groups, 
Fig. 5 shows data only on mice which were 
splenectomized 21 days post-infection. There 
was a striking drop of the elevated hemato- 
crit, erythrocyte and leukocyte levels. The 


infected non-splenectomized animals main- 
tained the usual increased levels of these 
parameters. 

Discussion. These results indicate that 
the phase of Friend Virus Disease which is 
manifested by leukocytosis, increased hema- 
tocrit, erythroblastosis and erythrocytosis 
(hematopoietic response) is intimately re- 
lated to the spleen. Not only did pre-infec- 
tion splenectomy prevent this response, but 
splenectomy of animals with early or already 
fully established disease, abolished it. In 
infected splenectomized mice the only sug- 
gestion of the hematopoietic response was an 
increase in erythroblasts in the bone mar- 
row. However, there was no_ peripheral 
erythroblastosis and no elevation of hema- 
tocrit or erythrocyte levels. Also it was pre- 
viously demonstrated that no significant in- 
crease of Fe®® uptake occurred in the bone 
marrow(1). At no time did the bone mar- 
row in any infected group (control or splen- 
ectomized) show evidence of increased ac- 
tivity of the myeloid elements. 

The mechanism of splenic control of the 
hematopoietic response in the Friend Disease 
is not clear. However, these and previous 
studies(1) indicate that the hematopoietic 


FIG. 3. Count of circulating red blood cells in splenectomized Swiss mice with Friend virus. 


Legend same as for Fig. 2. 


FIG. 4. Percent erythroblasts in bone marrow of Friend virus infected Swiss mice. -@—@-, 
infected non-splenectomized mice; JM, splenectomized controls without virus inoculation; A, 
mice splenectomized 3 days before virus inoculation; ©, mice splenectomized 4 days after virus 


inoculation. 


FIG. 5. Effect of splenectomy on circulating blood elements in Friend virus infected Swiss 
mice; virus was inoculated 21 days prior to splenectomy. @, RBC count; —x—~— X-, hematocrit ; 


©, total WBC count. 
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elements in the spleen are primarily respons- 
ible for production of the increased numbers 
of immature and mature erythrocytes and 
leukocytes. This is certainly true for the 
erythropoietic picture and for the leukocytic 
picture up to 48 days after post-infection. 
Since at this time the liver and particularly 
the bone marrow show no significant increase 
in activity in either splenectomized or non- 
splenectomized infected mice, the stimulus to 
hematopoietic activity seems to be specific 
for those elements in the spleen. One hypo- 
thesis is that the virus infects the reticulum 
(or other target) cells of the spleen and then, 
by some mechanism, stimulates secondarily 
the hematopoietic elements of that organ. It 
is puzzling that the same phenomenon would 
not occur to the same degree in the bone 
marrow and liver. However, it may be that 
the target cells in the spleen are in some 
way different from morphologically similar 
cells in the bone marrow and liver, thus ac- 
counting for the splenic specificity. If the 
increased hematopoietic activity were due to 
a direct action of the virus on the blood form- 
ing elements per se, one might expect that 
the bone marrow elements would be similarly 
stimulated unless again, there were differ- 
ences among the splenic, liver and bone mar- 
row hematopoietic elements. We feel that 
the first possibility is a more likely explana- 
tion but additional studies are needed before 
any conclusions are warranted. 


Although we believe that the spleen is pri- 
marily responsible for the erythropoietic and 
leukocytic response herein reported, there is 
some evidence to believe that the liver plays 
a prominent role in the leukocytosis of splen- 
ectomized mice after 48 days post-infection. 
Note in Fig. 5 that the hematocrit, erythro- 
cyte and leukocyte levels declined progres- 
sively from high levels after splenectomy, but 
at 25 days post-splenectomy or 46 days after 
inoculation of the virus the leukocytes were 
reduced but again elevated to 22,000 mm’. 
At 55 days post-splenectomy or 76 days after 
inoculation of the virus (not shown on Fig. 
5) the hematocrit dropped to 22%, red 
blood count to 3.1 million and the white 
blood count increased to 282,000 mm®. This 
increase in white blood count paralleled the 
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development of hepatomegaly. Histological 
examination of the livers in this group dem- 
onstrated at this time uncontrolled prolifera- 
tion of reticulum cells, few erythrocytic foci 
and many foci of mature cells of the granu- 
locytic series. There was no evidence of bone 
marrow hyperplasia and in many instances 
the bone marrow appeared depressed. It was 
apparent in this group of mice that splenec- 
tomy does prevent the erythropoietic re- 
sponse in the disease but does not prevent 
eventual development of the malignant re- 
ticulum cell leukemia and only delays the 
appearance of leukocytosis until hepatomeg- 
aly occurs. 


It is important to stress here that although 
splenectomy modified the hemapoietic re- 
sponse in the Friend Virus Disease, it did not 
alter the eventual development of reticulum 
cell leukemia. Gross(4) has shown, how- 
ever, that thymectomy either before or after 
inoculation of ‘Passage A” leukemic filtrates 
inhibited viral induction of lymphocytic leu- 
kemia in C3H mice. 

Summary. The Friend Virus syndrome in 
Ha/ICR Swiss is fundamentally modified by 
splenectomy either 3 days before or 4, 19, 
21 and 27 days after inoculation of the virus. 
Peripheral erythroblastosis and erythrocyto- 
sis only occur in presence of the spleen. The 
characteristic leukocytosis is not seen up to 
48 days after infection in splenectomized 
mice; however, leukocytosis appears again 
after gross hepatomegaly. Although the 
hemopoietic syndrome of the Friend Virus 
Disease is modified by splenectomy, the virus 
induced reticulum cell leukemia eventually 
appears. 


We acknowledge the assistance of André Bulba, 
Edward Dywinski, Helen Fox, and A. G. Mirand. 
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A Type 3 Attenuated Poliovirus Genetically Stable after Human Intestinal 


Passage.* 


(26769) 


STANLEY A. PLorKin, THoMas W. NorTON, BARBARA J. COHEN, AND 
Hirary Koprowski (Introduced by David Kritchevsky) 
The Wistar Institute, Philadelphia, Pa. 


The type 3 strains of attenuated poliovirus 
available fail to maintain their genetic mark- 
ers after passage through the human intes- 
tinal tract(1-5). Although no epidemiologi- 
cal evidence has been adduced so far for re- 
version of these strains to agents virulent for 
man(6,7), the fact that in vitro markers may 
change to those frequently indistinguishable 
from virulent virus makes it more difficult to 
monitor the live virus vaccination program. 
As changes in genetic character of type 3 
strains are occasionally accompanied by an 
increase in pathogenicity for monkeys, public 
health authorities have expressed concern for 
the safety of contacts of subjects fed the live 
attenuated type 3 strains presently available 
(3,8). 

The reproductive capacity of type 3 vi- 
ruses isolated from feces of vaccinated sub- 
jects in tissue culture systems incubated at 
40°C (rct/40°C marker)t has been used 
most frequently as a test of vaccine strain 
stability, since a fair correlation has been es- 
tablished between the rct/40°C marker and 
other markers, including pathogenicity for 
monkeys(3). In Tables I and II, respec- 
tively, are summarized the rct/40°C charac- 
teristics of virus strains representing the first 
human intestinal passage of the 2 attenuated 
type 3 strains that have been used most 
widely in mass immunization programs: Leon 
KP-34(9) and W-Fox(10). Both strains 
grow relatively poorly in tissue culture sys- 
tems kept at 40°C and are therefore classi- 
fied as rct/40°C—; however, when fed to 
man, both strains tend to induce excretion of 
viruses which were found to replicate equally 
well at 37°C and 40°C and are therefore 
classified as rct/40°C-+L. 


* This work was supported in part by grant E. 
1799) from) Uls.P Hs. 

+t Reproductive capacity at A0L€ 
Determined by dual titration of a virus at 40°C in 
comparison with control titration at 37°C. 


temperature 


As shown in Table II, results of 4 studies 
of the Leon KP-34 indicated that a majority 
of subjects fed this strain excreted rct/ 
40°C-+ virus. Similarly, it has been found 
that children fed W-Fox strain (Table I), in 
16 out of 16 cases excreted strains which 
were rct/40°C-+. 

Because of the instability of these viruses, 
an attempt was made to develop an attenu- 
ated type 3 strain which would remain gene- 
tically unaltered after passage through the 
human intestinal tract. 

Materials and methods. Tissue culture 
systems. Freshly harvested explants of Rhe- 
sus monkey kidney tissue were used through- 
out the study. Cultures were prepared from 
either one million kidney cells dispersed in 
petri dishes or 200,000 cells in culture tubes 
which had been incubated at 37°C in growth 
medium consisting of Eagle’s medium in 
Earle’s solution with calf serum to a 10% 
concentration. After 6 days’ incubation in 
presence of 4% COz in air inflow, the growth 
medium was replaced by maintenance me- 
dium consisting of Eagle’s medium in Earle’s 
solution without serum. At the same time 
the cultures were exposed to type 3 virus 
preparations. Cultures in tubes were used 
for virus passage purposes and for titration 
of virus preparations at different tempera- 
tures of incubation, whereas plates were used 
for cloning the virus at different passage lev- 
els and for titration of stools at several tem- 
peratures. For passage in tube culture, 3 tis- 
sue culture tubes were exposed to 0.1 ml of 
undiluted virus from the previous passage. 
After one hour’s incubation at room tempera- 
ture (25°C) the virus was removed, the tubes 
washed once, and fresh maintenance medium 
added. The tubes were incubated at 23 or 
37°C until 50% cellular degeneration was 
noted, or until cells in the non-infected con- 
trol tubes began to degenerate. This latter 
period varied between 12 and 16 days at the 
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i i 7 : irus Infants 
TABLE I. Reproductive Capacity at 37°C and 40°C of Fecal Virus Isolates from 
Either Fed 10°° TCD.) of the W-Fox Strain or Infeeted by Contact. 


No. days 

post-vace. . Logi T CDs. s TOD 537 °C* 

virus Materia OL ae 

Subject isolated tested 37°C 40°C TCD540°C 
W-Fox = Vaccine Teoh 4.7 3.0 
H-24 —- Virulent 8.2 8.0 a 
B-157 8 St 4.4 oT Uy 
I-1 11 5 2.4 ils) AS) 
T-1 vf 1TC 7.5 BSP 1.8 
1-6 5 St 1.9 1.4 5 
1-6 5 1TC 7.5 ie? 8 
Q-1 10 5 Wot Hoth 0 
L-1 9 2 6.7 fo? —5 
R-1 7 eo 7.2 BS 
WB-110 7 St 3.9 2.2 1.7 
Q-5 18 1TC 6.2 Beh »D 
1-4 9 a 7.5 7.2 3 
1-5 4 Y T.2 7.0 —3 
1-7 2 : 6.5 6.7 —.2 
R-4 18 2 6.7 5a 1.0 
L-5 7 g Ue? 6.5 af 
E-5 10 : atl ee Bo) 
E-4 10 2 fez Ta2 0 
B-158 5 St 3.5 2.9 A 
B-158 5 LTC Tell 7.9 2 


* Controls: W-Fox, 3.3; H-24 (virulent), 0.2. 


St = Stool; 1TC = First tissue culture passage. 


TABLE II. Reproductive Capacity at 40°C (ret/40°C marker) of Type 3 Leon KP-34 Attenu- 
ated Strain of Salhin after Human Intestinal Passage. 


Properties of fecal virus. No. of specimens 


Laboratory Tested ret/40°C+ = ret/40°C+ ret/40°C— 

Sabin(1) 42 15 20 7 
20 26 1 0 

Gendon et al.(2) Wy 5 4 8 
Melnick & Benyesh-Melnick (3) 23 12 2 9 
Verlinde & Wilterdink (4) 13 6 3 4 
Total 122 64 30 28 

* Viruses isolated from contacts. 
23°C temperature of incubation. The con- plaques determined on the 3rd to 7th day of 


tents of the tubes were then rapidly frozen 
and thawed 3 times and pooled: this material 
was then used as seed virus for the next tis- 
sue culture passage. 

In the case of the plate cultures the virus 
was adsorbed for one hour, the excess re- 
moved by washing, and the monolayers cov- 
ered with 5 cc of an agar overlay mainte- 
nance medium consisting of equal volumes of 
2% Noble’s agar and of a nutrient solution 
(11). On the second day post-inoculation the 
plates were covered with a second overlay 
containing neutral red and the appearance of 


incubation. 

Plaque passage was performed by exposing 
kidney monolayers to virus at terminal dilu- 
tion, and by selection of one of the plaques at 
random, which was aspirated with a Pasteur 
pipette and inoculated onto other monolayer 
cultures if further plaque passages were de- 
sired. 

Temperature control. Incubators (Ass- 
mundson Aktiebolag-Assab Bacteriological 
Cabinet T-200) equipped with fans to insure 
the most uniform temperature throughout 
were kept at 23, 37, and 40°C for incubation 
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of plate cultures. Internal thermometers 
were used to check the temperature which 
varied by +0.1°C. Culture tubes were kept 
in mergotherm water baths (H. Struers 
Chemiske Laboratories, Denmark), main- 
tained at 23, 37 and 40°C and equipped with 
an agitating apparatus to maintain a uniform 
temperature (variations of +0.02°C). 


Monkey virulence tests. _Cynomologous 
monkeys weighing 2.5 to 4 kg were inocu- 
lated with 0.5 to 1 ml of virus suspensions 
into one or other of the cerebral hemispheres 
by means of a No. 24 (1”) needle. The ani- 
mals were then observed daily for evidence of 
paresis or paralysis and after 18-21 days were 
sacrificed. Histological examination of the 
formalin-preserved brain and spinal cord tis- 
sue began with sectioning of the thalamus to 
demonstrate the needle tract. If the tract 
was found, blocks were removed from the 
midbrain, medulla, cervical enlargement, and 
lumbar enlargement, and embedded in cel- 
loidin. After being sectioned and stained with 
thionine, every 10th section was examined 
microscopically for the presence of inflamma- 
tory lesions and neuronal destruction or other 
histological evidence of poliomyelitis infec- 
tion. 


Experimental. History of passages. Fig. 
1 summarizes the schedule of tissue culture 
Asymptomatic natural infection 
v 
iT Crs ie 
uy 
Ge PP37-€ 


J 
4 TCP 37°C 
(W-Fox vaccine pools) 


Human intestinal passage 
22 TCP 23°C 
1 PP 23°C 
1 Top 23°C 
3 PP 23°C 


Y 
10 TCP 37°C 
(the WM-III strain) 


TCP — Serial passages in monkey kidney tissue 
culture tubes. 


PP = Serial single plaque passages on monkey 
kidney tissue culture plates. 


FIG. 1. Passage history of the WM-III strain. 


831 


passages leading to development of the new 
type 3 strain (the WM-III virus). Material 
used to initiate the present passage series rep- 
resented the currently used W-Fox vaccine 
strain (W-Fox vaccine pools in Fig. 1). It 
will be recalled that originally the W-Fox vi- 
rus was isolated in tissue culture from an 
asymptomatic child in Louisiana by Dr. John 
P. Fox, and found to be of low pathogenicity 
for monkeys(10). In this laboratory (Fig. 
1) the Fox strain was passed on monkey kid- 
ney monolayers for 6 serial single plaque 
passages: the sixth plaque passage was made 
into a monkey kidney pool for seed material, 
and as shown in Fig. 1 was used in the course 
of 4 further kidney tissue culture passages 
for preparation of live virus vaccines em- 
ployed in vaccination programs of man in the 
United States, the Congo, Poland, Switzer- 
land, and Croatia(1,2,7,12,13,14). 

Although W-Fox replicated relatively 
poorly in cultures kept at 40°C, results of 
comparative titration conducted at 37°C and 
40°C indicated that the difference in repro- 
ductive capacity never exceeded the figure of 
2.0-3.5 logig TCDs 9 (Tables I and III). 
Usually after one human passage the virus 
changed to a strain which grew as well at 
40> Gras ate37< Ce(Lablet lL): 

On one occasion, however, growth of an 
excreted virus was impaired when the cul- 
tures were kept at 40°C and this virus strain 
was used to start a series of culture passages 
at 23°C following the technic originally sug- 
gested by Dubes and Wenner(15). During 
the first 2 passages no cytopathic effect was 
noted in tissue cultures and the material was 
passed blindly at 12-day intervals. On the 
3rd tissue culture passage the virus produced 
a cytopathic effect 3-5 days after inoculation. 
Virus representing the 22nd tissue culture 
passage was plaqued on monolayers incu- 
bated at 23°C, and the clone grown for one 
passage in tissue culture tubes kept at 23°C 
(Fig. 1). Following that, 3 more plaque 
passages on monolayers were made at 23°C 
and the resulting strain passed for 10 tissue 
culture passages in tubes incubated this time 
at 37°C (Fig. 1), to provide the final ma- 
terial, which was named the WM-III strain. 

The WM-III strain replicated equally well 
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TABLE III. Reproductive Capacity of WM-IIT in 
Culture Tubes Incubated at 23, 37 and 40°C. 


LogiT CD50 at 


Virus 23°C BYALe) 40°C 
W-Fox <@n() Holl 4,7 
H-24 <.0 8.2 8.0 
WM-III WD f® <4;() 


in cultures kept at 23 and 37°C but did not 
grow at 40°C (Table III). In contrast, 
growth of the virulent type 3 H-24 strain was 
unimpaired by incubation temperature of 
40°C whereas the titer of the attenuated W- 
Fox was lower at 40°C than at 37°C; but 
the difference in titers, as mentioned before, 
did not exceed 3.0 logsy). Both H-24 and 
W-Fox failed to grow at 23°C. 

Infectivity of WM-III strain for man and 
stability after human intestinal passage. Nine 
infants, 4 premature and 5 full-term, at ages 
ranging from 3 days to 3 months were fed 
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the WM-III strain by dropper in the 
amounts of 104-2 to 1077 TCDs9 (Table IV). 
Stools were collected twice weekly and proc- 
essed as described previously(5). All in- 
fants excreted virus for one week or more. 
Fecal virus strains isolated 2 to 42 days 
after ingestion of the vaccine were titrated 
in cultures kept at 37 and 40°C, respectively, 
and on one occasion at 23°C. Virus in the 
original stool and after the first tissue culture 
passage at 37°C was used as inoculum. The 
results, summarized in Table IV, indicated 
that none of 9 feedings resulted in excretion 
of an rct/40°C-+ virus, in contrast to the 
results obtained with W-Fox virus (Table I). 
The virus did not grow at all or grew rather 
poorly in cultures kept at 40°C. The rct/ 
40°C-— character was retained by the excreted 
WM.-III strains regardless of the time inter- 
val elapsing between virus administration 
and its isolation from the feces. In one case 


TABLE IV. Reproductive Capacity at 37 and 40°C of Feeal Virus Isolates from Infants Fed 
the WM-III Strains. 


Virus iso- 


: LogiT CDs, LogiyT CDs 37°C 
Subject | Dosefed lated post- Material » s Sains 
No. log TCD5» vace. day tested 37°C 40°C LogipTCD5o 40°C 
1 7.7 6 St 4,4 <1.4 >3.0 
IMA Ker 8.2 5.2 3.0 
30 St ea <<Go) ee 
1TC 7.2 <2.5 4a 
2 7.5 2 St 2.7 <@liee) Sly 
1TC Thal <255 >5.2 
9 St 3.5 <1.5 > 2.0 
3 6.5 9 St 4.5 <1.5 >3.0 
1TC 7.5 ofl 3.8 
19 St 2.5 <<@llien) lg 
4 6.5 9 St 3.7 <1.5 > 2.2 
1M KO) 7.5 <2.5 >5.0 
23 St 4.2 NGS Pall 
1TC 7.2 < 2.5 >4.7 
5 5.5 10 St 2.5 <a Sa) 
6 5.5 4 St 2.2 <a 185 a: 
ILAKG, 6.7 <2.5 > 4.2 
i 55) 18 St 2.2 <n 5) Soff 
1TC 8.2 4.2 4.0 
42 St sei <1) re 
AKG 6.7 <2.5 >4.2 
8 4.2 5 St 2.5 <Qlk5 >1.0 
1TC Uo <2.5 >4.7 
9 4.2 5 St 5.2 <<ellas) SSeka/ 
1TC Cott <2.5 >5.2 


* Gave a titer of 1072TCD,, at 23°C. 


St = Stool. 1TC = First tissue culture passage in monkey kidney cells, 
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TABLE V. Monkey Neurovirulence (Intracere- 
bral) of WM-IIT Strain and Its Human Passages 
in Comparison to W-Fox. 


Ratio of monkeys 


Dose 
Virus LogioTCDso Paralyzed With lesions 
W-Fox U2 3/10 4/10 
WM-IIL 6.5 0/5 0/5 
A= 7.9 0/5 12/5 
i383 7.5 0/5 0/5 


* First tissue culture passage of strains isolated 
from subjects fed WM-III. 


in which a titration was performed at 23°C 
the fecal WM-III virus retained its ability 
to reproduce at that temperature. The 2 
viruses isolated 9 days after vaccination from 
infants 3 and 4 were tested by a newly dis- 
covered marker, acid sensitivity(16). In this 
test viruses are incubated in presence of 0.35 
N HCl for 3 hours at 23°C. W-Fox and 
WM.-III are both highly susceptible to the ac- 
tion of acid, whereas the virulent H-24 main- 
tains its titer in acid at the same level as at 
neutral pH. Excreted strains of W-Fox sub- 
mitted to this test showed acid resistance in 
4 cases, intermediate resistance in 2 cases, 
and susceptibility only in one instance. Two 
WM.-III fecal strains which were tested, how- 
ever, remained acid-susceptible. 


Monkey neurovirulence test. Table V 
summarizes results of clinical and histologic 
observation of monkeys injected intracere- 
brally with the WM-III virus and with ma- 
terial representing passage of the strain 
through the human intestinal tract. No clini- 
cal signs of illness were noted in 5 monkeys 
injected with WM-III virus or in 10 monkeys 
inoculated with material obtained from 2 vi- 
rus-fed subjects. Examination of over 150 
sections of central nervous system from each 
monkey failed to reveal histologic changes in 
14 of 15 monkeys. Only in the case of one 
monkey were scattered inflammatory lesions 
with an occasional loss of neurons observed. 
These results differ markedly from those ob- 
tained with the W-Fox strain, which are in- 
cluded in Table V for comparative purposes. 


Discussion. This paper reports the devel- 
opment of a new type 3 attenuated polio- 
virus, named WM-III, which was derived 
from the W-Fox vaccine strain after 22 pas- 
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sages in tissue culture tubes, and 4 passages 
by plaquing and clone selection at 23°C. To 
insure its infectivity for the human gastro- 
intestinal tract the final virus pool was made 
after 10 tube culture passages at 37°C. This 
material had no ability to grow at 40°C and 
was not neurovirulent for monkeys injected 
intracerebrally, in contrast to the original W- 
Fox strain. The results obtained with other 
sub-lines of W-Fox strain, as well as studies 
on the mechanism of cold adaptation will be 
reported separately(17). 

The genetic stability of WM-III virus was 
demonstrated through its study after passage 
through the intestinal tract of a limited num- 
ber of infants fed different quantities of the 
strain. The extracted virus showed poor ca- 
pacity to replicate in tissue cultures incu- 
bated at 40°C (rct/40°C-— character), which 
in 2 cases tested, retained their acid sensi- 
tivity. In addition, fecal viruses isolated 
from 2 vaccinated cases were found to be 
non-pathogenic for monkeys injected intra- 
cerebrally. Stability in relation to 3 mark- 
ers makes the WM-III strain quite different 
from the 2 other attenuated type 3 strains 
investigated in the same way, as pointed out 
in Tables I and II(1-5). In addition to 
changes in im vitro markers, the excreted vi- 
ruses derived from feeding of Leon KP-34 
and W-Fox were found to be more virulent 
for monkeys injected intracerebrally(1-5). 
Melnick and Benyesh-Melnick(3), for ex- 
ample, reported paralysis and histologic le- 
sions of poliomyelitis in 26 out of 52 monkeys 
inoculated with virus isolated from subjects 
fed the Leon KP-34 strain. The vaccine 
strain itself consistently produced asympto- 
matic infection. 

More trials in man are required to evalu- 
ate fully the antigenicity of the WM-III 
strain, but the results obtained so far sug- 
gest that the high infectiousness of the W- 
Fox for human intestinal tract has been re- 
tained. 

In view of the dissatisfaction with the sta- 
bility of the available type 3 strains that has 
been expressed(3,8,18) and in view of a 
statement by the Committee on Live Polio- 
virus Vaccine of the Surgeon General of U.S. 
Public Health Service(19), and assuming 
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later studies confirm our results, the WM-III 
strain is the type 3 virus of choice for pro- 
duction of attenuated poliovirus vaccine. 

Summary. Development of a new type 3 
attenuated poliovirus (WM-III) is described. 
Starting with the W-Fox strain, passage and 
clone selection at 23°C were employed to de- 
velop a strain with improved stability after 
human intestinal passage. The end result 
was a virus which had no capacity to grow 
at 40°C and was not virulent for monkeys in- 
jected intracerebrally. The results of tests 
of fecal virus strains isolated from infants 
fed the WM-III strain did not show the in- 
stability in relation to laboratory markers 
that has been reported with other attenuated 
type 3 viruses. 


We wish to thank the following individuals for 
help in obtaining infants for vaccination, and super- 
vising their care: Donald Cornely, M.D., Paul Gyor- 
gy, M.D., Jane Sitnek, R. N., Walter Omans, M.D., 
and Elizabeth Davies, R. N., Philadelphia General 
Hospital; and Agnes Flack, M.D., and Ruth Lorenzo, 
R. N., Clinton Farms. Toby Goldschneider and Su- 
zanne Richardson assisted with laboratory work. Dr. 
George Jervis performed histological examinations of 
the monkey central nervous system. 
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Studies of Inhibitory Effect of Ammonium Ions in Several Virus-Tissue 


Culture Systems. 
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E. M. JENSEN AND O. C. Liu 
Research and Development Division, Smith Kline and French Laboratories, Philadelphia, Pa. 


It was observed(1) that ammonium ions 
in trace amounts caused a very marked sup- 
pression of influenza virus replication in a 
dog kidney tissue culture system. This sup- 
pression was accompanied by a complete pro- 
tection of the cells from the cytopathic ef- 


fects of the virus. Similar results have been 
observed independently by Eaton and Scala 
(2) with both influenza and Newcastle dis- 
ease virus in Krebs 2 ascites tumor cells. 
Since this unique inhibition may have a sig- 
nificant effect on many types of virus-host 
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cell studied it was considered important to 
determine the range of viruses and cell sys- 
tems affected by this inhibitor. 

This report presents results obtained with 
ammonium ions in test systems which include 
10 virus species and 10 cell lines. In addi- 
tion, ammonia was tested for inhibition 
against influenza virus in suspended allantoic 
membranes, embryonated eggs and in mice. 

Materials and methods. The dog kidney 
cell culture has been described(1). Primary 
roller tube cultures of monkey, bovine, ham- 
ster and porcine kidney cells, and established 
cell lines, L-929, HeLa, Chang conjunctiva, 
human amnion (FL) and KB cells were ob- 
tained from a commercial laboratory.* Sus- 
pended allantoic membrane cultures were 
prepared by cutting the membrane from 11- 
day-old chick embryos into one cm square 
sections; the sections were washed several 
times in Hanks’ balanced salt _ solution, 
pooled and distributed at random into T-30 
flasks. Each flask contained 8 sections in 10 
ml of BSS, and the membranes were main- 
tained in suspension during incubation by a 
gentle action on a reciprocating shaker. 

Viruses employed in this study were in- 
fluenza, strains PR8, A’ and As, herpes sim- 
plex strain HF, Adenovirus type 4, Enders 
strain of mumps, Edmonston strain of meas- 
les, ECHO type 9, Parainfluenza type III, 
poliomyelitis type II (Lansing), vaccinia and 
Newcastle disease virus (NDV) Beaudette 
strain. All cultures were maintained in 
Eagle’s minimum essential medium(3) from 
which glutamine was omitted and which was 
supplemented by 2.5% calf serum. Gluta- 
mine was omitted in order to eliminate, as 
much as possible, the presence of endogenous 
ammonia. Ammonia, in the form of NH,Cl, 
was tested in each system by a tube dilution 
method. Two-fold dilutions of the compound 
in maintenance medium ranging from 1024 
to 4.0 pg/ml were added to each culture and 
held one hour at 37°C. Virus was then added 
and the tubes were incubated at 37°C. The 
virus inoculum in each system was sufficient 
to give a 3-4+ cytopathic effect in 48 to 72 
hours. Tubes were observed at the time of 
maximum CPE production in control tubes 


* Microbiological Associates, Inc., Bethesda, Md. 
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FIG. 1. Inhibition of influenza virus CPE by am- 
monia in four cell cultures. 


and, with influenza virus in allantoic mem- 
branes, hemagglutination (HA) _ titrations 
were conducted according to the method of 
Salk (4). 

Results. The inhibitory effect of ammo- 
nium ions on influenza virus in the dog kid- 
ney cell systems has been described(1). Inhi- 
bition of PR8 virus in 4 other cell systems is 
shown in Fig. 1. The inhibition of viral CPE 
was essetially the same in each cell line ex- 
cept hamster kidney cells which required 
higher concentrations of NH,Cl for signifi- 
cant inhibition. The degree of protection af- 
forded by ammonium ions may be seen in 
Fig. 2-4. These phase contrast photomicro- 
graphs of strain L-929 mouse fibroblasts 
clearly show the inhibition of influenza virus 
CPE by 40 pg/ml of NH,Cl. Although a 
slight viral effect is apparent in the treated 
cells, in the form of vacuolization in the 
Golgi region, the cells are generally pro- 
tected from the destructive effect of the virus. 

The protective effect of ammonia was also 
shown in monkey kidney cells infected with 
influenza virus. Fig. 5 shows the effect of 
virus inoculum size on the inhibitory effect of 
NH,Cl. The results indicate that a 100-fold 
change in inoculum size had little effect upon 
the amount of ammonia required for protec- 
tion. From this experiment it can be con- 
cluded that inhibition is a result of the action 
of ammonia in the host cell and not upon the 
virus. This supports observations made in 
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the previous study where no direct inactiva- 
tion of virus by NH,Cl was demonstrated 
(1). Two other strains of influenza virus, 
A’ and A», were also studied in the monkey 
kidney cell system and essentially similar re- 
sults were obtained. 

To determine the effect of ammonia on in- 
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fluenza virus in more complex systems, tests 
were conducted in suspended chick allantoic 
membrane cultures, intact chick embryos and 
in mice. In the suspended membrane cul- 


tures virus production was measured by HA 
titrations and the effect of ammonia is shown 
in Fig. 6. 


Ammonium chloride appeared to 


FIG. 2. Normal culture of L-929 cells. 
contrast, magnif. 320.) 

FIG. 3. Culture of L-929 cells similar to Fig. 1 
48 hr after infection with 1000 TCID,’s of influ- 
enza virus, PR8. Majority of cells have been de- 
stroyed as evidenced by the areas of cell debris. 
Remaining cells show severe viral CPE. (Phase 
contrast, magnif, 320.) 

FIG. 4. Culture of L-929 cells infected as in Fig. 
2 but culture medium contained 40 ng/ml of NH,Cl. 
Virus effect is reduced to moderate cytoplasmic 
vacuolization. 
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FIG. 5. Effect of virus inoculum size on inhibition 
by ammonia. Influenza virus PR8, in monkey kid- 
ney cell. 


be toxic at levels between 500 and 1000 pg/ 
ml, but significant virus inhibition was ob- 
served at levels as low as 16 pg/ml. Virus 
inhibition appears to be directly proportional 
to the amount of compound used. 

In 10-day-old embryonated eggs a mar- 
ginal and sporadic protective effect was ob- 
served when the eggs were treated with high 
concentrations of NH,Cl. The compound is 
toxic at 40 mg/egg, but 4 to 8-fold reductions 
in HA titers at 24 hours were observed at 
levels as low as 5 mg/egg. An increase of 
20 to 40% in survival rate was also observed. 
This phenomenon has been reported by Fau- 
connier(5) who attributes the effect to an 
acidification of the allantoic fluid. It is not 
known whether the inhibition observed in 
chick embryos is related to that observed in 
tissue culture. 

Survival studies conducted in mice infected 
with approximately 10 LD; ’s of influenza 
virus, PR8, and treated with ammonium 
chloride administered orally, intraperitone- 
ally or intranasally showed no protective ef- 
fect. 

Ammonium ions appeared to have no sig- 
nificant protective effects against the other 
viruses tested in this study. Only virus-cell 
line systems, which produce an observable 
CPE were employed. In the case of herpes 
simplex virus indications of protection were 
observed in Chang conjunctiva, bovine and 
hamster kidney cells, but these effects were 
marginal and occurred only at near-toxic lev- 
els. Herpes simplex virus was not inhibited 
in dog kidney, HeLa or rabbit kidney cul- 
tures. Adenovirus type 4 was tested in dog 
kidney, HeLa, Chang conjunctiva and bovine 
kidney. Other systems studied include 
mumps in HeLa and Chang conjunctiva; 
measles in human amnion and KB; NDV 
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in HeLa; ECHO-9, vaccinia and poliomye- 
litis in monkey kidney; and Parainfluenza 
type III in HeLa, Chang conjunctiva and bo- 
vine kidney cells. 

Discussion. Although only a small num- 
ber of viruses have been tested in this study, 
it appears that the inhibitory effect of am- 
monium ions is limited to influenza viruses. 
This is not in agreement with results reported 
by Eaton and Scala(2) on suppression of 
NDV in Krebs 2 cells. This discrepancy 
may be due to the difference in host cells or 
viruses used. We previously showed(1) that 
the effect cannot be explained in terms of di- 
rect virus inactivation or of interference 
with virus adsorption to the host cell. Thus, 
it was postulated that ammonia may inter- 
fere with some intracellular synthetic mech- 
anism. The present study shows that cell 
protection is independent of virus inoculum 
size, which reinforces the concept of a com- 
pound-host cell reaction. If ammonia is in- 
terfering with some step in the synthesis of 
influenza virus, it may be concluded that this 
step is specific for influenza, and possibly 
NDV, since other viruses in the same cell 
line are not affected. 

The marginal inhibition of influenza virus 
by NH,Cl sometimes observed in the intact 
chick embryo and the definite suppression ob- 
served in suspended allantoic membrane are 
of interest. Although rather high concentra- 
tions are required in the intact embryonated 
egg, and Fauconnier(5) has attributed this 
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effect to a change in pH, it is conceivable that 
the tissue culture and the intact embryo re- 
sults are related. Further studies in both 
systems may yield new information concern- 
ing the mechanism of action of the ammonia 
inhibition. 

Summary. The antiviral effect of ammo- 
nium ions, previously shown in dog kidney 
cells against influenza virus, has been reex- 
amined with 10 viruses in 10 tissue culture 
cell lines. Only influenza virus appeared to 
be affected by the inhibitor, which functioned 
in a number of cell systems. The effect was 
shown to be independent of virus inoculum 


Ascites Tumors IN HEPARINIZED MICE 


size and therefore apparently on the host 
cell. The inhibition was demonstrated in 
suspended allantoic membrane cultures, and 
a marginal effect was also observed in intact 
chick embryos. 
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Growth Characteristics of Ascitic Tumor Cells in the Heparinized 


Peritoneal Cavity of the Mouse.* 


(26771) 


Horace GoLpig, MATTHEW WALKER, Byron BISCOE, GLORIA J. POWELL AND 
RosBert J. Howse 
Departments of Oncology and Surgery, Meharry Medical College, Nashville, Tenn. 


Six years ago, at a conference on ascites 
tumors(1), we mentioned the occurrence of 
fluctuations in the amount of serous fluid 
and in its cellular content in mice bearing as- 
cites tumor and given heparin intraperitone- 
ally. Recently, we attempted to study the 
mechanism of this phenomenon by varying 
the method of administration, specifically by 
injecting heparin to some groups of animals 
at various intervals before tumor inoculation 
and to other groups after inoculation. In 
each experiment, the amount of ascitic fluid, 
its concentration of tumor cells, frequency of 
mitoses in these cells and extent of their 
implantation into the peritoneum were esti- 
mated, at requisite intervals (3 or 7 days) 
after inoculation. The results are reported 
and tentatively interpreted below. 

Materials and methods. a) Mouse and 
tumor strains. Swiss Albino mice (Albino 
Farms, Red Bank, N. J.) of 24-27 g weight, 
mostly females, were used. As female mice 
with ascites tumors show a uniform and dis- 


* This work was supported by grants from Damon 
Runyon Memorial Fund, and Nat. Cancer Inst., 
N.LLH., and Div. Biol. and Med., AEC. 


tinctive pattern of periuterine implant 
growth(1), they were preferred for our pur- 
poses. Krebs-2 ascites tumor was carried in 
our laboratory in serial intraperitoneal trans- 
fers. b) Experimental technics. ‘Technics 
of tumor inoculation with requisite numbers 
of ascitic cells, of tumor cell counts, etc., have 
been described (2,3,4,5). Doses of approxi- 
mately 10° tumor cells from ascitic fluid di- 
luted (with .85% solution of NaCl) to a vol- 
ume of .5 ml were injected intraperitoneally 
into lower left quadrant of the abdomen; the 
fluid subsequently accumulated in these mice 
was withdrawn by puncturing the right lower 
abdominal quadrant, thus avoiding trauma 
to granulating tissue and abundant bleeding 
(in heparinized animals) at sites of inocula- 
tion and of heparin injections (upper left 
quadrant). c) Injections of heparin. A 
standardized and commercially available so- 
lution of heparin (Panheparine Abbott) was 
used in our investigation. This solution, con- 
taining 1000 units (1 mg) per ml was diluted 
1:20 with saline solution immediately before 
injections. Doses of .5 ml or 1.0 ml (25 to 
SO units) were given before inoculation, but 
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only .5 ml was given to inoculated animals 
which showed a tendency to bleed spontane- 
ously during the first hours after injection. 
d) Quantitative estimate of ascites tumor 
growth. aa) Amount of ascitic fluid. The 
amount of exudate was estimated as propor- 
tionate to the volume of fluid obtained by 
insertion of a standard glass capillary in peri- 
toneal wall: +++ = .5 ml or more; 
--+-++ = less than .5 but more than .1 ml; 
++ = less than .1 ml; O = no fluid. The 
reliability of this estimate was shown by com- 
parison with the amount of exudate mea- 
sured at autopsy. bb) Scale of peritoneal 
implantation: no implant = 0; circular 
nodules only, 1 to 2 mm in diameter = -+; 
3 to 5 mm in larger diameter = ++; 
larger = +++. e) Mitotic index counts. 
Fluid smears were stained with Acetoorcein 
(2) for the purpose of counting mitoses. f) 
Pattern of experiments. aa) Heparinization 
after tumor inoculation. Three or 4 injec- 
tions were given daily, starting on first day 
after inoculation. bb) Heparinization before 
inoculation. Three or 4 injections were given 
daily, the last 6 hours before inoculation. 
cc) Combined method. Heparin injections 
48, 24, and 6 hours before inoculation and 
the 4th injection 24 hours after inoculation. 
dd) Recording the results. In one-half of the 
mice in each experimental and control group 
(inoculated but not heparinized), ascitic fluid 
was withdrawn for volume estimate and tu- 
mor cell counts on the 4th day after inocula- 
tion, and the autopsies for recording implant- 
ation were performed on the 5th day. In the 
other half of the animals the fluid was with- 
drawn and the mice were sacrificed on the 
8th day. 

Results. Mice were divided in 3 series ac- 
cording to 3 patterns of heparinization out- 
lined in Materials and methods. Each series 
included 3 groups, each of 20 mice: 2 groups 
were inoculated on the same date and hepar- 
inized by the same plan, but examined for 
records at different time intervals, on the 4th 
or the 8th day. The third group, inoculated 
on the same date but not heparinized served 
as control. The data obtained in all groups 
of mice were tabulated in Table I and illus- 
trated in Fig. 1-6. 
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FIG. 1, 3, and 5. Mice given 50 units of heparin 
intraper., 48, 24, and 6 hr before inoculation of 
Krebs-2 ascites tumor. 

FIG. 2, 4, and 6. Controls inoculated simultane- 
ously with exp. mice but not heparinized. 

FIG. 1-4. Mice examined on 8th day after inocu- 
lation. 

FIG. 5-6. On 5th day. 

Note difference in amount of fluid (Fig. 1-2) and 
in extent of implantation (Fig. 3-4); implant at 
site of inoculation in Fig. 1; frequency of mitoses 
in anaphase shape in Fig. 5 (400, Aceto-orcein). 


The data in the various series and groups 
suggested the following: 1. The combined 
method of heparinization of mice before and 
after ascites tumor cell inoculation (Series 
III) inhibited consistently and _ significantly 
all 3 phenomena of growing ascites tumor, 
i.é., fluid accumulation (Fig. 1 as compared 
with Fig. 2), increase in concentration of free 
tumor cells and their implantation in the 
peritoneum (Fig. 3 as compared with Fig. 4). 
Heparinization only before inoculation (Se- 
ries II) produced similar effects but mostly at 
a lower scale, and the same treatment applied 
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i iti i ini iss Albino Mice Inoe- 
: ; ‘th and Implantation of Ascitic Tumor Cells in Heparinized Swiss 
Siena ous with Krebs-2 Ascites Tumor (20 Mice in Each Group). 
NE ———————————————————————_—_—_——————___ nnn DEEP 


Interval be- 


Results (avg and variation extremes in each group) 


tween inoc. Cone, of tu- Mitotic 
and record- mor cellsin index of 
Timing of ing of re- Amt of fluid (thou- — tumor Extent of im- 
Series Group heparinization*® sults (days) ascitic fluidt sands/mm*) cells plant growtht 
inizati 3 42.3 etl + 
I 1 Heparinization start- 3 SP AF 
ing 24 hr after inoe. ae > Se9ear 36.1-51.4 5.2-6.8 +-++ 
” i +4 
2 Controls (non- Sania 48.2 7 
heparinized) ++-+4-+-+4 40.8-56.4 5.6-9.1 +-++4++ 
s Gr 1 7 ap ar 48.5 7.8 + 
: Doeee +-+-++ 42.2-54.8 4.9-9.4 +-++ 
Control i SP aRSr 52.7 6.5 ++ 
: reves ++-+++ 43,2-59.8 4.4-8.8 ++-++ 
eee . . ‘ 9 
Il 1 Heparinization ending 3 aR 46.9 10.2 + 
6 hr before inoe. : +-++ 39.2-55.5 7.8-12.5 O-+ 
56% in anaphase 
2 Controls fe === 57.2 Aol ++ 
444 che 2467/5 9.920:4) eee 
28% in anaphase 
3 As Group 1 7 + go. 6.9 - 
+-++4 43.2-54.2 5.6-9.2 Q-+ 
4 Controls =! + 56.6 7.4 +++ 
++-++4+-+ 44,.9-65.1 5.1-8.8 ++-+++ 
IIL 1 As Series II and one 3 + 47.7 12. 0 
inj. 24 hr after inoc. Q-—+-+ 37.2-02.3 8.9-15.2 O-+ 
48% in anaphase 
2 Controls fe ++ 59.7 7.2 +-+ 
SP = SE SRS 40).2-67.4 6.2-9.4 +-++ 
2% in anaphase 
3 As Group 1 if ok 41.2 7.4 + 
+--+ 29.5-54.2 6.2-8.8 0-+ 
4 Controls y eee 59.1 4D ee ees 
++ --+-+-+ 49.1-69.5 5.5-9.1 ++-+++ 


* 3 or 4 daily inj. of 25 or 50 units of heparin. 


+ For estimate of fluid volume and scale of implants, see Materials and methods. 


entirely after inoculation (Series I) resulted 
only in irregular fluctuations in the level of 
these phenomena. 


2. Mitotic index of tumor cells in ascitic 
fluid was higher in heparinized mice of Series 
II and III on the 4th day after inoculation 
than in controls, but was lower on the 8th 
day, suggesting that the majority of mitotic 
cells had not completed their division; the 
high proportion of anaphase figures suggested 
arrest of the mitotic cycle in this stage (Fig. 
5 as compared with Fig. 6). 

3. Concentration of ascitic tumor cells was 
considerably decreased in Series II and III, 
in spite of a substantial decrease in the vol- 
ume of their diluent, 7.e., ascitic fluid as com- 
pared with controls. Thus, there was greater 
reduction in number of ascitic cells than in 


volume of fluid, z.e., the process of cell pro- 
liferation was inhibited more strongly than 
the process of fluid exudation. 


4. Some effects of heparin as recorded on 
the 4th day were apparently reversed by the 
8th day; amount of fluid increased through 
slow accumulation of scanty but continuously 
exudated fluid, which may be in part re- 
sponsible, for the further drop in tumor cell 
concentration. Some implants appeared, 
mainly at the site of abdominal puncture 
(Fig. 3), suggesting that some inoculated tu- 
mor cells invading the puncture wound in 
this location escaped the effect of hepariniza- 
tion. However, the surface of serosa re- 
mained free from implants. Thus, it may be 
emphasized that of all principal features of 
growing ascites tumors, only implantation 


ASCITES TUMORS IN 


was inhibited completely in several hepar- 
inized animals (Series IT and III), and for 
an indefinite period. 

Discussion. There are varying opinions as 
to the nature and mechanism of ascitic fluid 
exudation from vessels of the peritoneum 
which are invaded by inoculated tumor cells 
(1,6,7). However, it is a consensus that this 
invasion is a prerequisite for appearance of 
intracavitary fluid and a starting point for 
free growth of tumor cells. In our experi- 
ment, heparinization of the peritoneal cay- 
ity inhibited implantation of cells into serosa 
more consistently and more completely than 
it inhibited other features of ascites tumor 
growth. Accordingly, prevention of tumor 
cell implantation may be considered as the 
primary effect of heparinization, which was 
responsible for other effects of this pro- 
cedure. 

Implantation of tumor cells invading the 
peritoneal serosa occurs through their pene- 
tration into connective tissue of subserosa 
made available by trauma to the epithelial 
surface(8). It has been repeatedly reported 
that both in human transcoelomic metastases 
(9) and in analogous phenomena labeled as 
ascites tumors in rats and mice(10,11,12) 
the first step in the process of implantation 
is the embedding of tumor cells by fibrin 
clotted at the site of slight injury of perito- 
neal serosa by tumor cells. ‘Next to the 
cancer cells themselves, fibrin is the most im- 
portant factor in the life history of peritoneal 
implantation. It is fibrin which holds the 
cancer cells in place by splinting them against 
the denuded peritoneum. Fibrin is both the 
temporary framework and the scaffolding of 
the organized implants” (9). Consideration of 
these phenomena may provide interpretation 
of our findings reported above. 

It is known(12) that heparin is not only 
anti-prothrombin but also anti-thrombin, pre- 
venting thrombin from converting fibrinogen 
to fibrin. Its effect im vivo is more lasting 
than in vitro and our daily injections induced 
a continuous heparinization (as was shown 
by the prolonged fluid state of the shed 
blood). Clinical experience has shown that 
continuous heparinization may prevent accre- 
tion of fresh fibrin clot and thus allow time 
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for its resorption. It may be presumed that 
in our experiments a similar mechanism re- 
leased tumor cells embedded in the fibrin clot 
attached to peritoneum, and that damaged 
serosa healed after elimination of fibrin clot. 
If this is correct, the currently applied post- 
operative heparinization for prevention of 
thromboses may be of additional help in can- 
cerous patients by preventing implantation of 
locally spilled or systemically circulating tu- 
mor cells. 

It should also be noted that all of the mast 
cells which are an abundant source of heparin 
disappear from the peritoneal fluid of mice 
within 2 or 3 days after inoculation of tumor 
cells(2) and reappear only in cases of com- 
plete regression (by chemical or radioactive 
agents) of tumor growth. This phenomenon, 
suggesting antagonism between mast cell mi- 
gration from connective tissue to peritoneal 
cavity and invasion of serosa by tumor cells, 
is being investigated in the light of our ex- 
periments. 

Summary and conclusions. 1. In a large 
proportion of Swiss Albino mice which had 
received 3 daily intraperitoneal injections of 
heparin (25 or 50 units) immediately before 
inoculation of Krebs-2 ascites tumor, the 
amount of ascitic fluid and its concentration 
of tumor cells were consistently and signifi- 
cantly lower than in controls. 2. Macro- 
scopically visible implantation of ascitic cells 
from the fluid into the peritoneum was con- 
siderably reduced and sometimes completely 
absent in overwhelming majority of hepar- 
inized mice (Series II). 3. An additional 
injection of heparin (twenty-four hours after 
inoculation) increased these effects (Series 
III) while heparinization given entirely after 
inoculation (Series I) induced only wide 
fluctuations in the extent of ascites tumor 
growth. 4. Accordingly, inhibition of im- 
plantation was considered to be the primary 
and direct effect of heparinization, which may 
account for reduction of the amount of ascitic 
fluid and of its concentration of tumor cells 
as secondary effects. 5. It was accepted, in 
the light of research by other investigators 
and by ourselves, that embedding of free tu- 
mor cells within a fibrin clot from the cavi- 
tary fluid initiated their implantation into 
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the serosa and that preventive heparinization 
arrested implantation in this early stage. 
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A Method for Determination of Parathyroid Secretion Rate in the Rat.* 
(26772) 


B. N. PREMACHANDRA AND HERMAN T. BLUMENTHAL 
Institute of Experimental Pathology, The Jewish Hospital, St. Louis, Mo. 


While secretion rates of some endocrine 
glands, notably thyroid, have been measured 
by a variety of technics, virtually no attempt 
has been made to estimate parathyroid hor- 
mone secretion rate (PSR) in individual 
small laboratory animals. This is partly due 
to the difficulty in obtaining adequate serial 
samples of blood in the same animal and, in 
part, to a failure to develop technics com- 
parable to those utilized in determining the 
thyroxine secretion rate. The availability of 
an ultramicro method for determination of 
serum calcium(1) has led to an attempt to 
determine PSR in individual rats, based on 
a principle similar to that used for measuring 
thyroxine secretion rate(2). This report 
presents the feasibility of such a technic. 

Experimental. One hundred and _thirty- 
three female rats of a local strain, each weigh- 
ing about 200 g, were housed in cages main- 
tained at uniform temperature (78 + 2°F) 
and illuminated-only during daylight hours. 
They were fed Purina Laboratory chow ad 
libitum and water was available at all times. 
The rats were thyroparathyroidectomized 
(TPEx) surgically, under ether anesthesia. 


* This investigation was supported in part by grant 
from the Louis Monheimer-Clara K. London Me- 
morial Research Fund and from U.S.P.H.S. Grant 
No. A 5107. 


Completeness of TPEx was checked by ad- 
ministering I**1, and when radioactivity over 
the neck region was less than background 
this indicated an absence of thyroid I'*" pick- 
up. One day prior to TPEx the laboratory 
chow was replaced by a diet in which calcium 
content was less than .016%, in order to pre- 
vent calcium in the feed from affecting serum 
calcium levels following TPEx. Serum cal- 
cium was determined by a chelating proce- 
dure utilizing ethyelene diamine tetra-acetate 
(EDTA) as the complexing agent. As little 
as 20 lambda (20 yl) of serum was found to 
be sufficient for each calcium determination. 
Blood samples were collected from the tail 
vein directly into polyethyelene microcentri- 
fuge tubes and centrifuged in a Beckman mi- 
crofuge. Twenty lambda of serum were 
titrated against EDTA in a microtitrator in 
a highly alkaline medium utilizing calcein 
as a indicator. The endpoint of titration 
was represented by the disappearance of the 
blue-green color. With little practice it was 
possible to distinguish this endpoint clearly. 
An ultraviolet light source may also be used 
to aid in distinguishing the endpoint sharply. 
Serum calcium determinations by this tech- 
nic checked against classical flame photo- 
metry methods were found to be well within 
limits of expected experimental error. Re- 
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peated serum calcium determinations (at 
least 6-8) with 20 lambda of serum from the 
same rat yielded a variation of only + 0.4 
mg %. 

Experimental procedure consisted in deter- 
mining serum calcium levels prior to TPEx 
followed by serial determinations thereafter 
at 3, 6, 9, 12 and 24 hours after operation. 
After TPEx, when serum calcium had 
reached its lowest level, parathyroid hormone 
(PTH)t was injected subcutaneously into 
each rat in graded amounts of 25 units. 
PTH administration was discontinued when 
the post TPEx serum calcium reached the 
pre TPEx level. At this point it was assumed 
that sufficient PTH had been administered 
to maintain the serum calcium at a normal 
level. However, in many individuals serum 
calcium again declined within 24 hours after 
final PTH injection. Thus, the duration of 
PTH replacement was also determined in 
each animal. 


Results. Serum calcium in individual rats 
before TPEx varied between 9 and 12 mg %. 
After TPEx serum calcium generally declined 
to its lowest level in about 6 hours, although 
periods up to 18 hours were noted in some 
rats. The percentage decline in serum cal- 
cium following TPEx varied from 0 to 51% 
of the initial value. In 10 rats as little as 5 
1.U. of PTH were sufficient to elevate post 
TPEx serum calcium to the pre TPEx level 
while 25 I.U.. were required in 20 other ani- 
mals. In the majority of rats (80), 45 IU. 
were necessary, while in another 10 animals 
the requirement was as high as 65 I.U. When 
the frequency distribution of the PTH re- 
quirement was plotted (Fig. 1), a 13-fold 
variation in individual rats was found. The 
final injection of PTH replacement (7.e., the 
amount necessary to equate pre and post 
TPEx levels) lasted for an average of 10 
hours, with a range from 8 to 12 hours. This 
was shown by the precipitous decline of se- 
rum calcium as the effect of PTH was lost. 
In certain rats in which excess PTH had been 
administered, serum calcium soared to levels 
far in excess of the pre TPEx value (Fig. 2). 


+ Obtained from Eli Lilly Laboratories, Indian- 
apolis, Ind. 
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In such cases the average of the terminal and 
the preceding PTH injections was taken as 
the level of adequate replacement. 
Discussion. As far as we are aware, this 
represents the first attempt to determine the 
quantity of PTH necessary to maintain nor- 
mal serum calcium levels following TPEx. 
Individual estimations are of greater signifi- 
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FIG. 1. Frequency distribution of PTH replace- 
ment in I.U./100 g body wt in individual rats fol- 
lowing TPEx. While there was a 13-fold individnai 
variation, mean PTH replacement was 40 I.U. 

FIG. 2. Illustration of the principle of PTH re- 
placement in individual rats. PTH is administered 
in increasing amounts following TPEx until post 
and pre TPEx serum calcium levels become equal. 
Administration of excess or insufficient amounts of 
PTH will not equate post and pre TPEx serum 
calcium levels. 
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cance than the mean in interpretation of 
physiological variations as well as the influ- 
ence of interrelated hormones and _associ- 
ated phenomena under controlled conditions 
of temperature and nutrition. This is par- 
ticularly evident since a 13-fold variation 
was found in the individual PTH require- 
ment following TPEx. Such variability can 
be compared with a 6-fold variation in the 
thyroxine secretion rate of rats(3) and with 
an 11-fold variation in the same determina- 
tion in cattle(4). In certain rats the decline 
in serum calcium following TPEx was almost 
negligible. 

Four possible reasons for such variations 
are: (a) Presence of accessory parathyroid 
tissue; (b) individual differences in parathy- 
roid hormone secretion rate; (c) absorption 
of calcium from the gut, and (d) interaction 
of parathyroid hormone with other hormones 
to nullify its effect. Since the completeness 
of TPEx was checked in each individual, and 
since accessory parathyroid tissue is seldom 
present in rats(5), the first reason appears 
unlikely. The third possibility is not likely, 
since the commercial chow was replaced by 
a low calcium diet prior to TPEx and contin- 
ued to the end of experiment. As regards the 
interaction of other hormones, the fact that 
these animals are athyroid is of some signifi- 
cance, since it has been observed that thyrox- 
ine may influence reabsorption of phosphate 
in the kidney and thus indirectly affect serum 
calcium level(6). A secondary influence of 
other hormones on serum calcium levels, not- 
ably those of the adrenal cortex, has not been 
eliminated in these studies. Since PTH was 
administered in increments of 25 I.U. the 
possibility also exists that slightly smaller in- 
crements of PTH replacement might give 
more accurate results. Increments of 25 I.U. 
were chosen to minimize the number of blood 
samples required to determine replacement 
levels. Furthermore, different levels of re- 
placement might be obtained if routes other 
than the subcutaneous route were employed. 
Different values might also be obtained with 
hormone of greater purity. Despite these 
limitations, the present experiments indicate 
the validity of the methed, although further 
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studies are necessary to establish more abso- 
lute values. 

Since it was found that a single adequate 
injection of PTH in TPEx rats maintained 
the serum calcium level for an average of 
only 10 hours, this hormone would appear to 
have only a short half-life. While the level 
of PTH replacement as determined in this 
study is in the general range reported in rats 
by Munson(7) and by Berswordt and Turner 
(8), if one considers the average duration of 
effect of parathyroid hormone (10 hours), it 
would appear necessary to multiply the es- 
timated values in the present study by a 
factor of 2.4 to arrive at a 24-hour parathy- 
roid hormone output. The range of PTH se- 
creted over a 24-hour period would then be 
12-156 I.U. per day with a mean of 96 I.U. 
Since these rats received a low calcium diet 
for only one day prior to TPEx, it can be 
assumed that the parathyroids were in an es- 
sentially normal state at time of removal and 
that the data represent normal individual 
physiological variations. 


Summary. A technic is described in rats 
for individual determination of the 24-hour 
parathyroid hormone secretion rate (PSR). 
This method utilizes the subcutaneous ad- 
ministration of increasing amounts of para- 
thyroid hormone (PTH) following thyro- 
parathyroidectomy (TPEx) until pre and 
post TPEx levels of serum calcium are ap- 
proximately equal. There were individual 
variations in the time required for serum cal- 
cium to reach its lowest level following TPEx 
and also in the quantity of PTH required to 
elevate serum calcium to the pre TPEx 
level. These probably represent individual 
variations in PSR. The average duration of 
effect of a single adequate PTH replacement 
was 10 hours, and from this the average PTH 
secretion over a 24-hour period was calcu- 
lated to be 96 I.U. 
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It has been reported from this laboratory 
that a single injection of purified, undena- 
tured deoxyribonucleic acid (DNA) _pro- 
duced in rabbits a significant decrease in ser- 
um cholesterol lasting at least 2 years(1,2,3). 
DNA preparations from homologous and he- 
terologous mammalian tissues were both ef- 
fective. The lowered mean serum cholesterol 
largely reflected the decline in cholesterol 
levels of those animals with high normal 
values. Quantitative studies of varying the 
amount of DNA injected over a 50-fold range 
showed a significant dose-response relation- 
ship(3). 

One problem which arises in interpreting 
the quantitative data is that these animals 
have a circulating, potent plasma deoxyribo- 
nuclease. Some of the injected DNA mole- 
cules must be inactivated, denatured, or even 
degraded prior to their absorption by the 
cells of the organism. The enzyme circulat- 
ing in the blood is similar to the pancreatic 
deoxyribonuclease I in its properties and re- 
quirements for activity(4). Mg** ion is an 
essential activator and citrate is an effective 
inhibitor which acts by binding the Mg**(5). 
The present study describes the inhibition 
in vivo of the plasma deoxyribonuclease by 
sodium citrate and the effect of this inhibition 
on the physiologic activity of injected DNA. 

Methods. DNA used for injection was 
prepared from fresh beef liver by the mild 
procedures previously described(1), 7.¢., ex- 
traction with high ionic strength salt and de- 


* This research was aided by grant from Nat. Inst. 
of Arthritis and Metab. Dis. 
+ Established Investigator, American Heart Assn. 


proteinization with chloroform. The N/P 
ratio was 1.75. The fibres were dissolved in 
either isotonic saline or .015M sodium citrate 
plus isotonic saline, and injected immedi- 
ately. The DNA used as the substrate for 
the enzyme determinations was prepared in 
identical fashion and dissolved in isotonic 
saline to a concentration of 0.15%. This 
was heated to 60°C for 30 minutes to destroy 
any residual deoxyribonuclease, placed in 10 
ml aliquots and stored frozen at -15°C. The 
relative viscosity was 4.2. 

The bloods were drawn into heparin in an 
ice bath, then centrifuged at 3000 r.p.m. for 
30’ in a refrigerated centrifuge at 2°C. The 
supernatant plasma, apparently free of 
formed elements, was removed and _ stored 
frozen at —15°C. Deoxyribonuclease activ- 
ity was determined by adding 1 ml! of the 
heparinized rabbit plasma and 0.1 ml .02M 
MgCl, to 2 ml of the DNA substrate solu- 
tion in an Ostwald viscosimeter at 37°C. 
The run-through time of the viscosimeters 
was approximately 20 seconds. Following a 
mixing period of one minute, viscosity mea- 
surements were made at 3 minute intervals 
for 30 minutes. Under these conditions, the 
straight-line portion of the curve lasted 18 
minutes. 

Total serum cholesterol was determined 
by a Bloor(6) procedure with 10 ml of the 
Bloor’s reagent containing the extracted se- 
rum being taken to dryness. 

Albino rabbits of the New Zealand strain 
weighing 2-3 kg were kept in temperature- 
controlled, air-conditioned, separate quarters 
and fed a standard chow ad libitum. All the 
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animals were kept at least 6 weeks in these 
quarters, prior to use, to permit them to 
adapt to the new, constant environment. 
Only those rabbits were used which ate well, 
showed a steady gain in weight and no evi- 
dence of disease. 

Results. Sodium citrate solution (.015M 
NasCgH;O; + .15M NaCl) was rapidly in- 
jected intravenously into rabbits in amounts 
ranging from 9 »Moles to 150 wMoles. The 
animals were bled from the ear vein into he- 
parin prior to injection and at 2’, 10’, 20’ and 
30’ intervals after the citrate injection. The 
plasma samples were tested for their deoxy- 
ribonuclease activity as indicated above. A 
transient, but significant, inhibition of 
plasma deoxyribonuclease was observed in all 
the animals injected with the citrate solution. 
Fig. 1 demonstrates typical changes in 2 rab- 
bits; one injected with 15 »Moles and one 
with 30 »Moles of citrate. In the animal re- 
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ceiving 15 »Moles there is a deoxyribonu- 
clease inhibition of about 40%, 2’ after cit- 
rate injection and a gradual return to con- 
trol levels within 20’. The plasma of the rab- 
bit injected with 30 »Moles showed 60% in- 
hibition and 30’ were required to return to 
the control activity. Injection of greater 
amounts of citrate resulted in the same mag- 
nitude of enzyme inhibition (60%) with the 
effect lasting longer. 

The data indicated that in vivo plasma de- 
oxyribonuclease activity was inhibited by in- 
jection of sodium citrate which, presumably, 
removed some of the necessary Mg** ions. 
The question arose as to whether these small 
quantities of citrate, when diluted hundred- 
fold into the total plasma volume, were capa- 
ble of binding sufficient Mg** to produce the 
observed inhibition. To check this, studies 
were done in which an equal volume of 
.01SM MegCls was injected separately into 
another vein immediately after the .015M 
sodium citrate injection. The injection of 
the small quantity of Mg** completely pre- 
vented the citrate-induced enzyme inhibition. 

The effect of plasma deoxyribonuclease in- 
hibition on the quantitative physiologic ac- 
tivity of injected DNA was then determined. 
The same preparation of heterologous DNA 
was “injected intravenously into several 
groups of rabbits, with and without sodium 
citrate, and the effects on serum cholesterol 
levels were studied. The animals were di- 
vided into 5 experimental groups with 10 
normal, healthy rabbits in each group receiv- 


‘ing the following injection: 1) controls—30 


uMoles of sodium citrate in isotonic saline, 
2) 0.1 mg DNA in saline, 3) 3 mg DNA in 
saline, 4) 0.1 mg DNA plus 15 uMoles so- 
dium citrate in saline, 5) 0.1 mg DNA plus 
30 «Moles sodium citrate in saline. The DNA 
injections did not produce any toxic effects, 
acute or chronic. There was no difference in 


‘nutrition, weight gain or-general health be- 


tween injected and control groups. The ani- 
mals were bled from the ear vein prior to in- 
jection and at monthly intervals thereafter 
for 12 months. Total serum cholesterol was 
measured’ on all the bloods. 

Fig. 2 demonstrates the changes in the 
average’ serum cholesterol level of the 5 
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groups of rabbits over a period of one year 
after the injections. The altered serum 
cholesterol appeared more rapidly in those 
animals receiving DNA and citrate. The 
changes observed in the group injected with 
0.1 mg DNA and 30 ,»Moles citrate were 
comparable to those of the group injected 
with 30 times as much DNA without citrate. 
Previous quantitative studies(3) had shown 
that over this same dosage range the time re- 
quired for the appearance of the serum cho- 
lesterol changes varied inversely with the 
amount of DNA injected. Therefore, it ap- 
peared that im vivo inhibition of the plasma 
deoxyribonuclease by sodium citrate in this 
experiment had increased 30-fold the effec- 
tiveness of the injected DNA. 

Discussion. The data presented indicate 
that injection of sodium citrate produces a 
significant in vivo inhibition of the deoxy- 
ribonuclease circulating in blood. The effec- 
tiveness of the injected DNA in lowering se- 
rum cholesterol levels was markedly in- 
creased when it was injected together with 
citrate. Injection of 0.1 mg DNA with a 
measurable, transient, enzyme inhibition last- 
ing 30 minutes resulted in quantitative ef- 
fects comparable to 3 mg DNA injected with- 
out citrate. This 30-fold greater effect sug- 
gests that the DNA injected without citrate 
in this, and in previous studies(1,3), has 
been largely inactivated (at least 97%) in 
the bloodstream prior to absorption into cells. 
It also serves to emphasize the exceedingly 
small quantities of ‘‘active’ DNA needed to 
induce the prolonged alterations of serum 
cholesterol regulation. 
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It is noteworthy that a 2-fold inhibition of 
the plasma deoxyribonuclease as determined 
by viscosity measurements was associated 
with a 30-fold increase in physiologic activ- 
ity of the DNA. A similar disproportion be- 
tween viscosity changes and biologic activity 
was observed by Zamenhof and his colleagues 
(7) in the effect of crystalline deoxyribonu- 
clease on bacterial transforming DNA. In- 
cubation of small amounts of the enzyme 
with the DNA resulted in loss of 100% of 
the biologic activity and only a 10% decrease 
in the viscosity. 

Summary. Sodium citrate injected into 
rabbits in amounts ranging from 9 ,»Moles 
to 150 »Moles produces a transient, signifi- 
cant im vivo inhibition of the plasma deoxy- 
ribonuclease. Injection of heterologous DNA 
into rabbits induces a prolonged decrease in 
total serum cholesterol. 30 »Moles of cit- 
rate and 0.1 mg DNA, injected together, are 
quantitatively as effective as 3 mg DNA in 
altering the serum cholesterol regulation. 
The citrate-induced deoxyribonuclease inhi- 
bition increased the physiologic activity of 
the injected DNA as much as 30-fold. 
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A method of im vivo radioautography of 
the stomach based on selective uptake of P®* 
by malignant tissue, and employing a balloon 


* This work was supported by a grant from Am. 
Cancer Soc. and Atomic Energy Commission. 


coated with a photosensitive emulsion, has 
been described(1,2). Adaptations of this 
method for various other organs are being 
explored. The purpose of this communica- 
tion is to report upon our experience with 
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the method in the recognition of breast can- 
cer. 

Method. Patients for this study have 
come from the in-patient services of the Uni- 
versity of Minnesota Hospitals. They in- 
clude a group of women and one man. In 
most instances, these patients had been ad- 
mitted for investigation of breast masses. 
Usually, a normal contralateral breast has 
been studied as a control. Occasionally, our 
examination has concerned a patient in whom 
the diagnosis already was known on the basis 
of prior excisional biopsy. In such patients, 
frequently no tumor is detectable in the 
breast upon its removal, even on histologic 
examination. Two such patients are included 
in this study. In a few patients under scru- 
tiny for evidences of a gastric lesion, breasts 
were screened simultaneously while P** 
studies were underway. 

The patient is admitted to the hospital in 
the afternoon and receives a large tracer dose 
of sodium radiophosphate (500 uc) intrave- 
nously. A shield composed of a photosensi- 
tive emulsion coated on a vinyl plastic back- 
ing is then immediately applied to the breast 
while the patient is in the dark room. A 
heavy dressing of compresses and elastic Ace 
bandages is then applied so that all possible 
sources for light leaks are blocked out. Flat- 
tening of the breasts to distribute tissue mass 
is accomplished by this dressing. The band- 
age is left in place overnight for 18 hours 
and removed in the morning. The appear- 
ance of a dark area on the breast mold after 
developing the emulsion by immersion in de- 
veloper and fixing solutions suggests the 
presence of a malignancy, owing to the 
greater affinity of neoplastic tissue for P* 
over the adjacent normal tissue. 

It has been necessary to secure adequate 
separation of emulsion from the skin to pre- 
clude destruction of the former by perspira- 
tion or its adherence to the skin. For this 
reason, a thin layer of Saran-wrap is applied 
directly to the skin and the shield is applied 
over it. Lubrication of the Saran-wrap it- 
self, with powder or with glycerine, insures 
that the emulsion will separate readily when 
the test is concluded. 

Modifications in technic have all been re- 
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TABLE I. 

No. of Auto- 
patients Diagnosis Operation graph 

a Cancer Rad. mast. _ 

8 Benign disease Biopsy T- 
1+* 

5 ” ” 0 —— 

10 Normal 0 — 


Caneer totally excised Rad.mast. 1- 

by prior biopsy 
2 Old mastectomy sear 0 — 
no recurrence 


* 1 false positive-light leak. 
+ 1 false positive-fresh biopsy site. 


lated to determining a suitable substance for 
a shield backing. Rigid molds of vinyl 
plastic coated with emulsion and molds of 
softer plastic with emulsion coatings have 
been employed as well as coated sheets of la- 
tex rubber, and emulsion-coated balloons. 
Currently, balloons and molds of soft flexible 
plastic are under investigation. The emul- 
sion can be kept within a balloon and thus be 
protected from the skin. A certain degree of 
conformity to the breast can be achieved by 
pressure on the balloon alone. The use of a 
flexible soft plastic backing is much more 
comfortable for the patient and easy to han- 
dle for the operator. This can be molded to 
the breast readily. The problem of protec- 
tion of the emulsion from the skin with this 
preparation does still exist, however. 

All of the above preparations have been 
coated by the Eastman Kodak Co., Roches- 
ter, N. Y., who have also supplied the plastic 
backings. Latex sheets and balloons have 
been supplied by National Hygienic Products 
Co., Akron, Ohio. 

Results. To date, 31 breasts have been 
studied successfully (Table I). Four cancers 
not previously operated upon all gave a posi- 
tive response. Ten normal breasts gave nega- 
tive results. Seven of eight breasts with be- 
nign disease confirmed by surgical removal 
and histologic examination likewise were neg- 
ative. Five breasts believed on clinical 
grounds to be benign were negative on radio- 
autographic study and have yet not been op- 
erated upon. 

In 2 additional instances, old mastectomy 
wounds, without any physical evidence of re- 
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currence, were studied. Both of these studies 
were negative. In another instance, a false 
positive response was associated with a be- 
nign lesion and is felt to represent an arti- 
factual light leak. In one other instance a 
positive study was obtained in a breast with 
a fresh biopsy wound. No residual tumor 
histologically was present in the breast. In 
the final instance, a negative study was ob- 
tained in a patient who had had an excisional 
biopsy some time before the study. No resi- 
dual tumor was present in this breast either. 


Discussion. P®? has been employed by 
Nakayama in detection of esophageal and 
gastric neoplasms by using a Geiger-Mueller 
tube for detection(3). Neoplasms of cervix 
and vagina have likewise been studied by 
Geiger-Mueller tube counting(4,5). There 
have been numerous studies on the use of 
this method to diagnose cancers of the breast 
(6-9). Accuracy has been reported as high 
as 85% to 90% in several studies, but the 
method is tedious and permits identification 
of only fairly large and superficial lesions. 
Radioautographic methods seem to be more 
successful because they allow a long exposure 
of the recording medium to the surface be- 
ing studied. This permits identification of 
areas with only slightly increased radioiso- 
tope content. Statistical errors associated 
with short-term counting technics are also 
avoided. Therefore, we felt that a recording 
exposure of some length would allow us to 
detect lesions in the breast with more ac- 
curacy than that obtained with a counter. 
In addition, the entire breast is scanned for 
areas of increased P** content. 


This test, it must be emphasized, is as yet 
developmental. We are presenting our ini- 
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tial experiences with it, which are encourag- 
ing. The penetration of P** beta particles in 
tissue is no longer than 0.7 cm; however, the 
breast, compressed with a dressing to a mini- 
mal thickness and studied over a period of 
18 hours apparently concentrates enough 
beta particle activity and secondary radiation 
to permit small increases of P** activity to 
be detected by a sensitive emulsion. 

This technic will be expanded and, to- 
gether with technics for screening of the 
stomach, cervix and colon which are being 
developed at this hospital may afford an op- 
portunity for screening of many areas of the 
body with one dose of P*?. 

Summary. A method of in vivo radioau- 
tography of the breast as a screening proce- 
dure for breast neoplasms, using P** has been 
presented and discussed. Thirty-one cases 
with 2 false positive results and no false 
negative results have been presented. 
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Immunization to Homologous Milk in the Rabbit.*t 
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The production of experimental ‘auto- 
allergic” lesions involving many tissues(1-9) 
has led to the anticipation that “auto-aller- 
gies” affecting other tissues, which contain 
parenchymal elements or secretions separated 
from the blood stream, will be discovered. 
The breast is such a tissue, since it is an exo- 
crine gland whose main products are secreted 
externally and are not found in the circula- 
tion under normal conditions(10). That ani- 
mals can make an immune response to ho- 
mologous breast secretions was shown by 
Lewis(11) who demonstrated antibody to 
homologous casein in goats after multiple in- 
travenous injections of goat casein. The pres- 
ent paper describes an attempt to produce 
anti-milk antibodies and ‘“auto-allergic” 
breast disease in rabbits by immunization 
with homologous milk or casein or autolo- 
gous milk in Freund’s adjuvant(12). 

Materials and methods. Rabbit milk was 
pooled, defatted by centrifugation, and 
frozen until use. Casein was precipitated by 
adjusting the pH of a 1:4 milk dilution in 
saline to 4.5 with 0.5 N HCI(13). After 
centrifugation the supernate was decanted 
and used as the whey fraction. The precipi- 
tated casein was washed 2 times in ether and 
solubilized by the dropwise addition of 0.05 


N NaOH. The pH was not allowed to go 
higher than 9.8 and was finally adjusted to 
7.4. The solutions of casein had a purity 
of 86% by paper electrophoresis(14). Pro- 
tein nitrogen was determined by a modifica- 
tion of the micro Kjeldahl technic(15). 
“Milk-adjuvant” was prepared by addition of 
10 parts defatted milk (50% in saline) to 1 
part Arlacel C and 9 parts Bayol F contain- 
ing 2.0 mg killed tubercle bacilli per ml of 
final volume and homogenizing to a high vis- 
cosity in a Waring Blendor. ‘“Casein-adju- 
vant”? was prepared in the same way with 
casein solution containing 8.9 mg casein N/ 
ml. The rabbits received weekly injections 
of the given adjuvant for 2 to 10 months, 
first in the rear foot pads (1 ml), next in the 
front foot pads (1 ml), and subsequently in- 
tradermally in the back (14 ml). All injec- 
tion sites were remote from the breast area. 
Animals were bled prior to the first injection 
and at monthly intervals just prior to an in- 
jection. Two male rabbits were immunized 
with milk-adjuvant and tested for antibody 
to homologous milk, casein and whey by the 
precipitin technic(16), double diffusion in 
agar(17), and hemagglutination. The pre- 
cipitin technic yielded only qualitative infor- 
mation because of the incomplete precipita- 


TABLE I. Total N (ug/ml) Precipitated by Homologous Casein, Whey and Milk per ml of Sera from 
the Sera of Male Rabbits Immunized with Weekly Injections of Homologous Milk Adjuvants. 


—— Antigen added/ml of sera — 

Rabbit Casein (ug N) Whey (ug N) Milk (dil.) Hemagglut. 
No. Bleeding 14 30 60 120 180 20 40 80 100 160 1-100 1-40 1-20 titerst 
7212 1/30/59* 84 06 5.2 24 48> — 4.49119 13.2 7.2 13.2 21.6 22:0 2 

Y 6/24/59 36.4 57.6 41.2 41.6 33.6 84 — 3.6 14.4 6.0 68.8 235.6 180.8 64 

7209 1/30/59 9.2184 — 124 — 3.6 6.8 56 — 8.6 —- — — 4 

# 10/15/59 37.2 44.8 45.6 56.8 38.4 40.4 28.4 52.0 — 49.6 104.2 286.8 244.4 128 


* First inj. given 1/31/59. 


t Reciprocal of highest dilution of sera giving complete hemagglutination. Erythrocytes sensitized 


with homologous milk. 


* Supported by Atomic Energy Commission Con- 
tract. 

t Publication No. 291 of Dept. of Pathology, Uni- 
of Pittsburgh School of Med. 


+ Present address: Dept. of Pathology, Massa- 
chusetts General Hospital, Boston, Mass. 
§ Senior Research Fellow, Nat. Inst. Health. 


TABLE II. Hemagglutinin Titers* of Sera from 5 Virgin Female Rabbits Immunized with Weekly Injections of Homologous Milk Adjuvant. 


Date of 


Rabbit 


delivery 
7/15/60 
6/25/60 


9/23 10/12 11/25 1/12/60 2/25 5/16 6/21 yall 7/14 7/21 7/30 


9/2 


8/13/59t 8/14 


No. 
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16 
2 


16 


64 


NODNAND 
on on 


CO sH <H tH CO 


AHHH A 


7681 
7682 
7683 
7085 
7686 


ytes sensitized with homologous milk. 


Oy 


Erythroe 


* Reciprocal of. highest dilution giving complete hemagglutination. 


+ First inj. given 7/22/59. 


tion of the antigens even in excess antibody. 
Hemagglutinins were measured by a modifi- 
cation of the Takatsy plate technic(18), em- 
ploying a 1% solution of formalinized, 
tanned erythrocytes(19,20) sensitized with 
defatted rabbit milk (1:100 in saline). Five 
adult virgin female rabbits were injected with 
homologous milk-adjuvant and another 5 
with homologous casein-adjuvant. The sera 
of both groups were tested for antibody by 
hemagglutination and precipitin tests at 
monthly intervals. Two of the female rab- 
bits receiving milk and 4 receiving casein 
were then bred. Bleedings and breast biop- 
sies were taken approximately 1 day, 1 week, 
3 weeks and 5 weeks post partum. The tissue 
was fixed in 10% formalin and embedded in 
paraffin. Sections were stained with H & E 
and examined microscopically. Three does 
were injected with autologous milk-adjuvant. 
Two of these 3 were bled, bred and biopsied 
as described above. The sera of the pregnant 
animals were tested for antibody to whole 
milk by the hemagglutination technic. Con- 
trol breast biopsies were also taken from 8 
non-immunized does 1 to 22 days post par- 
tum. 

Results. Homologous rabbit anti-milk an- 
tibody was demonstrated by precipitation 
and by hemagglutination in the sera of the 
2 male rabbits immunized with milk-adjuvant 
(Table I). Precipitin tests were positive to 
casein, whey and defatted milk with serum 
from rabbit 7209 but positive only to casein 
and defatted milk with serum from rabbit 
7212. Post immunization serum from rabbit 
7209 formed 2 precipitin bands with whole 
milk in agar, while the serum from rabbit 
7212 formed only one band with whole milk. 
Preimmunization sera failed to form any 
bands with whole milk in agar or to agglu- 
tinate erythrocytes sensitized with milk. Ho- 
mologous anti-milk antibody was also dem- 
onstrated by hemagglutination and precipi- 
tation in the sera of the female rabbits im- 
munized with either homologous milk in ad- 
juvant (Table IT) or homologous casein in 
adjuvant (Table III). Following delivery, 
3 of the 6 rabbits immunized with homolo- 
gous material showed what appeared to be a 
secondary rise in antibody titer. No circu- 
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TABLE III. Hemagglutinin Titers (HA)* and Precipitation (P)t of Sera from 5 Virgin Female Rab- 
bits Immunized with Weekly Injections of Homologous Casein Adjuvant. 


eee 


r Date of bleedingt Sy 
i é 2 12/1/59 12/15/59 Date of 
Rabbit 8/13/59 9/9/59 9/23/59 10/12/59 11/20/59 

No. (HA) (HA) (P) (HA) (ED EGEEAS) (GE GHUAS) es CHAS) (HA) delivery 
4 16 11.6 128 13.6 16 26.6 4 32 32 11/21/59 
1759 4 64 8.8 8 11.2 128 7.6 32 4 32 11/24/59 
7760 4 32 1.6 8 12.8 64 10.4 2 16 8 11/23/59 
7762 4 64 2.0 16 13:27 16 29.6 16 32 8 11/23/59 

7763 2 4 — 4 8.0 32 12 Diediie. — 


* Reciprocal of highest dilution giving complete hemagglutination. Erythrocytes sensitized with ho- 


mologous casein. : bie 
total ug N precipitated/ml of sera by addition of 22 wg casein N. The ug N precipitated by pre- 


bleeding sera (8/13/59) were subtracted from each value. 
¢ First inj. given 8/14/59. 
lating antibody could be demonstrated in the passively transferred with her sera. 
sera of the 3 rabbits immunized with autolo- Summary. Injection of both male and 
gous milk. Post partum breast biopsies of female rabbits with homologous milk or 
rabbits injected with either homologous or casein in adjuvant resulted in formation of 
autologous material revealed no lesions that homologous anti-milk antibody demonstrated 
could be classified as ‘“auto-allergic’(21). by hemagglutinin and precipitin technics. 
Some infiltration of plasma cells was ob- Injection of female rabbits with autologous 
served between acini, but this infiltration was milk did not result in formation of antibody 
seen with equal frequency in control animals to autologous milk. ‘Auto-allergic” breast 
post partum. lesions did not occur during lactation in fe- 
Discussion. Following injection of 2 male Males injected with either homologous or 


rabbits with homologous milk incorporated autologous milk. 

in Freund’s complete adjuvant, antibody to 1. Experimental “Allergic”? Encephalomyelitis and 
milk and casein appeared in the sera. The Its Relation to Other Diseases of Man and Animals. 
serum of one of the male rabbits also con- Symposium sponsored by Advisory Council, Nat. 
tained antibody to homologous milk whey. Inst. Neurol. Dis. and Blind, Bethesda, Oct. 19-20, 
Female rabbits injected with homologous 1957, Charles C Thomas, Springfield, 1959. 

casein also formed circulating antibodies re- 2. Waksman, B. H., Adams, R. D., J. Exp. Med., 
acting with both whole defatted milk and 1955, v102, 213. 

casein. On the other hand, female rabbits 3. Witebsky, E., Rose, N. R., Terplan, K., Paine, 
immunized with autologous milk did not pro- Ape Egat Re Wad Am Met ae 
duce circulating antibody to autologous milk. 4. Muller, H., Graefes Arch. Ophthal., 1952, v153, 
Breast biopsies taken from lactating rabbits 1. 

which had been previously injected with 5. a. Collins, R. C, Am. J. Ophthal., 1949, v32, 
either homologous or autologous milk re- 1687. pb. , ibid., 1953, v36, 150. 


vealed no significant, consistent histologic ab- 6. Freund, J.. Thompson, G. E., Lipton, M. M., 
normalities. This finding does not rule out J. Exp. Med., 1955, v101, 591. 

the possibility that some forms of mastitis in 7. Coloner, J., Glynn, L. E., Immunol., 1958, v1, 
humans might be “auto-allergic” in etiology; 172. 

however, attempts to demonstrate circulating 8. Pearson, C. N., Proc. Soc. Exp. Brot. anp MED., 


1956, v91, 95. 

9. a. Caveltt, P. A., Cavelti, E. S., Arch. Path., 
1945, v39, 148. b. , ibid., 1945, v40, 158. c. 
, ibid., 1945, v40, 163. 


antibody in humans with plasma cell and 
chronic cystic mastitis also have been unre- 
warding(22). A suggestive case has been 
reported of a lactating mother who suffered 10. a. Larson, B. L., Gray, R. S., Salisbury, GW 
from allergic reactions while weaning her J. Biol. Chem., 1954, v2, 43. b. eu, B. Ls Gill. 
child and had sever cutaneous reactions to espie, D. C., ibid., 1957, v227, 565. c. Wells, H. G., 
her own mlik(23). This sensitivity could be Osborne, T. B., J. Infect. Dis., 1921, v29, 200. 
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A Study of Lipoprotein Lipase Produced by Perfusion of Isolated Rabbit 


Heart with Heparin.* 


(26776) 


Misako NAKATANI, Motoomt NAKAMURA, AND SHINICHIRO TorRII 
(Introduced by Fredrick J. Stare) 
Research Institute of Angiocardiology, Kyushu University Medical School, Fukuoka, Japan, and 
Department of Nutrition, Harvard School of Public Health, Boston, Mass. 


Intravenous administration of heparin in- 
creases a Clearing factor in human and ani- 
mal plasma. This clearance has been shown 
to be a result of the appearance in the serum 
of lipoprotein lipase (LPL), which catalyzes 
the hydrolysis of triglyceride moiety of chy- 
lomicron and low density lipoprotein(1). 
Using an isolated rat heart, Crass demon- 
strated the appearance of LPL in the perfus- 
ing solution, which consisted of 5% serum 
and 3 to 10 mg % heparin in Ringer buffer 
(2). In this paper we are interested in the 
metabolism of transport of lipides relating to 
the problem of atherosclerosis. The mechan- 
ism of appearance of LPL in circulating solu- 
tion in presence of heparin and serum was 
studied. 

Method: ‘The rabbits used were 8-month- 
old males weighing 1.5 to 2.0 kg with hearts 
of 3.5 to 5.0 g. Sodium heparin contains 
1,000 U of heparin per ml with a concentra- 
tion of about 10 mg/ml. A rabbit was anes- 
thetized with ether and exsanguinated. Its 
heart was immediately isolated and washed 
well with bicarbonate buffer of pH 7.4 
(Krebs-Ringer). Care was taken to avoid 


* Supported in part by grants-in-aid from Rocke- 
feller Foundation, New York, Japanese Association 
of Life Insurance Companies, and Fund for Research 
and Teaching, Dept. of Nutrition, Harvard. 


introduction of air into the circulating sys- 
tem. The aorta was connected to a glass 
tube and then by rubber tube to a pump 
(Sigma motor T-6). Rubber tubing was 
used to connect the pump to the polyethylene 
tube which ran to the accepting flask. Rub- 
ber contamination appearing during contact 
with the pump was filtered off through a glass 
tube filled with gauze. Os gas was bubbled 
through the liquid in the flask at a rate of 2 
to 3 bubbles per second. Except in the 
pump, temperature of the circulating liquid 
was maintained at 30 to 31.5°C by keeping 
the entire perfusion system in a water bath 
of 33°C. With the pump set to deliver 10 
to 12 ml/min, the isolated heart contracted 
well for 2 to 3 hours. The circulating liquid 
consisted of varying concentrations of he- 
parin and serum (described in Table I) in 
bicarbonate buffer of Krebs-Ringer (pH 
7.4). At the start of the experiment total 
volume of circulating solution was 120 ml. 
Eight ml of perfusing solution was taken 
from the flask at intervals of 20 min and im- 
mediately stored at O0°C until determination 
of LPL activity. 

Determination of enzyme activity. Three 
ml of perfusion solution were incubated with 
0.5 ml of 3% oil emulsion (coconut oil : glu- 
cose.) Lween 60 = 15:5 :-0:5), 0.5 mi of 
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TABLE I. Effect of Heparin and Serum on LPL Production. 
Serum (%)> 5 10 50 ss 5 5 = 
Heparin (mg %)> 5 5 5 5 — 10 — 
Time (min.) 

20 .025 .060 .065 oa .023 -023 = 

40 .033 -090 .073 .015 .026 .043 .005 

60 .130 143 105 .040 040 .043 -010 

80 135 .150 155 .050 -043 .047 008 

100 128 107 .166 .028 .033 .042 = 

120 .030 .090 083 .018 .020 .035 == 


Time: Perfused time. 


Values were increased optical density at 570 my after incubation for 1 hr in 5 ml reaction 


mixture with 1 ml of enzyme solution produced per 1 g of heart. iam 
Mean variation was + 15% with 5 times experiments at maximum enzyme activity. 


10% albumin and 1.0 ml of M/10 ammo- 
nium chloride buffer containing M/25 CaCl 
at 37°C(3). At 0, 1 and 2 hours of incuba- 
tion 1 ml of the reaction mixture was put 
into a glass tube containing 0.5 ml of 10% 
trichloroacetic acid solution. Glycerol was 
determined in the deproteinized filtrate ac- 
cording to Korn’s method(4), using chromo- 
tropic acid reagent. 

Results. Effect of serum and heparin on 
LPL production. LPL activity in each per- 
fusing solution was determined in the pres- 
ence of various amounts of serum and _ he- 
parin (Table I). Appreciably high enzyme 
activity was demonstrated in solutions of 5, 
10 or 50% serum with 5 mg % _ heparin, 
whereas only slight activity was demon- 
strated with buffer alone. Addition of he- 
parin or serum alone produced considerable 
LPL activity; however, higher activity was 
produced in the presence of both. A concen- 
tration of heparin as high as 10 mg % in ad- 
dition to 5% serum inhibited the appear- 
ance of LPL, perhaps because of the inhibit- 
ing effect of heparin on LPL activity as re- 
ported im vitro experiment (I). The pH of 


TABLE II. Effeet of Heat on Serum to Liberate 
LPL Activity. 


Serum heated at: 


Time 
(min. ) Control 50°C forlhr 70°C for 2 min. 
20 .027 -030 .035 
40 .042 .033 .068 
60 107 a lis5 .073 
80 liso .142 .099 
100 116 073 .022 
120 .038 .030 -010 
Time: Perfused time. 


Values are same as Table I. 


the perfusion solution rose to 8.5 soon after 
the introduction of Oz into the solution, due 
to CO, liberation. The experiment was, 
however, carried out with this pH, since the 
enzyme was not inactivated. 

Effect of heat and dialysis of serum. Serum, 
5% in bicarbonate buffer, was heated at 
50°C for 60 min and at 70°C for 2 min. 
Perfusion was carried out with each solution, 
after addition of 5 mg % heparin (Table II). 
The serum in a visking cellulose tube was 
dialyzed by ultrafiltration technic(5) under 
decreased pressure (60 to 65 mm Hg) at 
room temperature of 10 to 15°C.. The dia- 
lyzable serum fraction was computed to be 
5% of the original serum. After the addition 
of 5 mg % heparin, this fraction was per- 
fused; however, LPL did not appear (Table 
III). The non-dialyzable fraction of serum 
was prepared by dialyzing serum against dis- 
tilled water or bicarbonate buffer of pH 7.4 
at 5°C overnight. The activity produced by 
this fraction, though appreciably decreased in 
quantity, was similar to that produced with 
untreated serum. (Table III). 

Effect of phosphate buffer. Heparin and 
serum were added in phosphate Ringer buffer 
(pH 7.4 or 8.5); other conditions for perfu- 
sion were the same as with bicarbonate buf- 
fer. There was no change in pH during per- 
fusion. LPL activity was not demonstrated 
in circulating solution of either buffer. Since 
phosphate ion inhibits LPL activity in vitro 
(1), the results obtained might be due to 
the inhibiting effect of phosphate on the LPL 
produced; however, it is possible that LPL 
is not produced in presence of phosphate. 

Effect of inhibitors on LPL. A perfusion 
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TABLE III. Effect of Dialysis of Serum on LPL 
Liberating Activity. 


IT IL Til IV 
Heparin 
: Heparin 5% dialyz- 
Time Con- 5% serum able serum 
(min. ) trol* Heparint dialyzed fraction 
2 027 _— 030 .012 
40 042 015 050 .020 
60 -107 .040 .085 .042 
80 “133 050 118 043 
100 116 028 080 020 
120 .038 018 050 020 


* Control solution contained 5% serum and 5 
mg % heparin. 
+ Heparin: 5 mg % used. 


Values are same as Table I. 


solution obtained from 80 min perfusion in 
the presence of 10% serum and 5 mg % he- 
parin under conditions producing the high- 
est activity was used as the LPL solution 
(Table I). The enzyme had the same prop- 
erties as LPL of adipose tissue(4) and plas- 
ma(3) in its behavior in presence of its in- 
hibitors. There was evidence, however, of 
other esterases which were not inhibited by 
protamine sulfate or by higher concentrations 
of NaCl or CaCl. (Table IV). 

Optimum pH of LPL. The enzyme solu- 
tion used in the above experiment was ad- 
justed to pHs of 7.2, 7.6, 8.0 and 8.4, with 
addition of M/40 aqueous ammonium solu- 
tion of M/40 HCl. Buffer, substrate and al- 
bumin were adjusted to the corresponding 
pH values. The optimum pH of enzyme ac- 
tivity was shown to be 8.2, which is similar 
to the LPL of adipose tissue (Fig. 1). 

Thermostability of LPL. Each enzyme so- 
lution described above was heated to the 
temperatures noted in Table V and its enzy- 
matic activity studied (Table V). 


TABLE IV. Effect of Inhibitors on LPL. 


Inhibitors Cone. O.D.570 mz Activity, % 
NaCl 1 M 022 30 

a 5M .040 63 
CaCl, 2M 022 35 

ad 1M .022 35 
Na-protamine 200 +y/ml 032 57 

sulfate 
Idem 100 “3 042 67 
Control —_ .063 100 


O.D.570 mu: Increased optical density in 0.2 ml of 
reaction mixture, after 1 hr incubation. 
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LPL activity of intact and perfused rab- 
bit heart. Fresh heart tissue was glass ho- 
mogenized with 3 volumes of M/10 ammo- 
nium chloride buffer (pH 8.5) at 0°C. The 
homogenate was centrifuged at O°C after 


CD75 


0.08 


0. 06 


0.04 


0,02 


7.0 7.5 8.0 85 pH 


FIG. 1. Optimum pH. O.D.;7: Increased optical 
density at 570 my in 0.2 ml of reaction mixture 
after 1 hr incubation. 


J 


standing for 30 min at O°C. After addition 
of 2 ml of distilled water to make a final vol- 
ume of 5 ml, the supernatant of 1.0 ml was 
used for activity assay, under the same con- 
ditions described elsewhere. 


TABLE V. Thermostability of LPL. 


Temperature Period OLD romp % 
Bi” 30 min. 068 87 

y (0) 053 G8 

503 30 see. 062 79 

ss 1 min. O40 51 

4 OP O11 24 

TANS 30 see, 016 21 
Control 078 100 


O.D.570 mz: Increased optical density in 0.2 ml of 
reaction mixture, after 1 hr incubation. 


Ammonium buffer extractable LPL activi- 
ties of the intact and perfused hearts were 
compared. With intact hearts, the increase 
in optical density at 570 mp due to glycerol 
in 0.2 ml of reaction mixture was shown to 
be 0.090 as a mean value (+ 0.015), whereas 
after the perfusion experiment, LPL activity 
was completely lost (after 100 min of perfu- 
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sion). Total activity appearing in the perfu- 
sion solution was calculated from Table I; 
the LPL activity obtained from the perfusion 
solution was about 1.5 times that obtained 
from the ammonium extractable LPL of 
heart. 


Summary. With a perfused, isolated rab- 
bit heart LPL activity appeared in the perfu- 
sion solution of bicarbonate buffer in the 
presence of 5 mg % heparin and 5 to 10% 
serum. However, under the same conditions, 
LPL did not appear with phosphate buffer. 
The LPL produced was inhibited by prota- 
mine sulfate, CaCl, and NaCl. Optimum pH 
of enzymatic activity was at pH 8.2, and 
80% of the activity was lost by heating at 
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50°C for 2 min and 70°C for 30 sec. After 
perfusion, LPL activity in the heart disap- 
peared. Total activity appearing in the cir- 
culating solution was nearly equal to total 
activity of heart tissue which was extractable 
with ammonium buffer solution. 
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Conversion of Mevalonic Acid-2-C™ to Biliary Cholesterol and Cholanic 


Acids in the Guinea Pig.* 


(26777) 


LupvIK PERIC-GOLIA AND RUSSELL S. JONES 
Department of Pathology, University of Utah College of Medicine, Salt Lake City 


Since mevalonic acid was discovered(1) 
numerous studies have been conducted to 
show the conversion in vitro of this com- 
pound to cholesterol(2,3). Important inter- 
mediates in the metabolic pathway appear to 
be phosphomevalonic acids, pyrophosphates 
of isopentenyl and dimethylallyl alcohol, 
geraniol, farnesol and nerolidol, as well as 
squalene and lanosterol(3). Cholesterol, in 
turn, is the major precursor of bile acids. In 
comparison to many studies on conversion of 
mevalonic acid to cholesterol in vitro, few 
investigations have been reported on in vivo 
conversion to cholesterol(4) or to bile acids. 
The present study concerns in vivo conver- 
sion of mevalonic acid-2-C'™ to labeled cho- 
lesterol and bile acids in guinea pig. 

Materials ad methods. Each of 25 guinea 
pigs of either sex, weighing 140-180 g, re- 
ceived, intravenously, 3.26 pc (0.772 mg) 
mevalonic acid-2-C™ in 0.10 ml 0.15 molar 
NaCl. Four hours later, all animals were 
sacrificed and the contents of their gall blad- 


* Supported by a grant from Nat. Inst. of Arthri- 
tis and Metab. Dis. 


ders pooled. Bile acids and cholesterol were 
then isolated, identified and the C™ content 
determined by the following procedures. 


The 4.20 ml of pooled bile were hydrolyzed 
in 1 N NaOH for 5 hours at 110°C, extracted 
with ethyl ether and further analyzed on a 
column of hydrophobic kieselguhr using 
chloroform:heptane (9:1) as __ stationary 
phase and 58% aqueous methanol as mobile 
phase(5). Aliquots of the original sample of 
pooled biles, of the ether extract, and of the 
fractions of the effluent from the column 
were applied to aluminum planchets and their 
C™ content determined by a windowless flow 
counter with accumulation of — sufficient 
counts for 1% standard error. 


Results. The pooled bile contained 2.2% 
of injected C'*. Of this activity, 99.3% was 
recovered in ether extract after hydrolysis. 
Most of the C™ applied to the column was 
found in the fractions having the mobility of 
3a, 7a-dihydroxycholanic (59.7%) and 3a- 
hydroxy, 7-ketocholanic acid (28.5%). After 
collection of 150 ml of effluent, the column 
was eluted with CHCls, and 11.8% of C1! 
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was recovered, representing the non-mobile 
“neutral sterols.” 

The 2 labeled bile acids were mixed with 
corresponding unlabeled acids, obtained 
from guinea pig bile and identified by column 
(5) and paper chromatography (6), infra red 
spectra, spectra in conc. H,SO,, specific rota- 
tion and melting point. No depression of 
melting points was observed and C!4/mg re- 
mained constant after several recrystalliza- 
tions. To identify the sterols in CHCl. elu- 
ate of the column, digitonin treatment(7) 
was performed. After the digitonide was split 
with pyridine, 91% of C'™ (10.7% of total 
activity applied to the column) was recov- 
ered. This labeled material was mixed with 
authentic unlabeled cholesterol and bromin- 


ized(8). Following splitting of dibromo 
compound, all activity was recovered as 
cholesterol. C!*/mg remained constant after 


several recrystallizations and the melting 
point was not depressed. 

Comments. The results of the present 
study demonstrated that labeled cholesterol 
and bile acids appeared in bile of the guinea 
pig soon after intravenous administration of 
mevalonic acid-2-C'. Gould and Popjak(4) 
recovered approximately half of the injected 
C™ from the urine of the rats within 4 hours 
following intraperitoneal administration of 
mevalonic lactone-2-C!*, thus supporting the 
suggestion of Tavormina and coworkers(2) 
that only one enantiomorph of mevalonic 
acid is utilized for biosynthesis of cholesterol, 
the unnatural (—)-isomer being excreted in 
the urine(9). Urinary recovery of 48.7% 
of C1! after intravenous injection of meva- 
lonic acid-2-C™ in guinea pig confirms the 
above observations in the rat. 

Since conversion of cholesterol to bile acids 
has been established in many animals as well 
as the guinea pig, it would appear that meva- 
lonic acid may have been converted first to 
cholesterol and thence to bile acids. Accord- 
ing to the Woodward-Bloch proposal for 
squalene cyclization tc sterol(10) and the 
positions of incorporation of C' from meva- 
lonic acid-2-C'™ into cholesterol(3), one C' 
atom per molecule or 20% of the isotope is 
lost in conversion of cholesterol to bile acids. 
Guinea pigs with continuous enterohepatic 
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cycling for 4 hours after intravenous admin- 
istration of cholesterol-4-C™ had 1.7% of in- 
jected C1! per ml of bile(11). In the present 
study, after a comparable period of entero- 
hepatic cycling, the guinea pigs excreted in 
bile 4.4% of C' from mevalonic acid not ex- 
creted in urine. Adjusting this to the 4.2 
volume and by the 20% loss in conversion of 
cholesterol to bile acids, one arrives at a 
value of approximately 1.3% injected C!4/ 
ml bile. The similar values for biliary ex- 
cretion following mevalonic acid and choles- 
terol suggest that most of the mevalonic acid 
not excreted in urine entered the cholesterol 
pool as such. This ratio of conversion of 
mevalonic acid-2-C! to cholesterol is similar 
to the observation in the mouse by Gould and 
Popjak (4). 

The 2 labeled bile acids isolated in this 
study, 3a, 7a-dihydroxycholanic (chenode- 
oxycholic) and 3a-hydroxy, 7-ketocholanic 
(7-ketolithocholic) acid, the only bile acids 
present in the bile of immature guinea pigs 
(12), appear normally in approximately the 
same ratio as observed in the present inves- 
tigation. 

Summary. After intravenous administra- 
tion of mevalonic acid-2-C™ the labeled con- 
stituents of guinea pig bile were cholesterol, 
3a, 7a-dihydroxycholanic (chenodeoxycholic) 
and 3a-hydroxy, 7-ketocholanic (7-ketolitho- 
cholic) acid. The relative amount of C! in 
these compounds suggested that most of the 
Cl not excreted in urine entered the choles- 
terol pool as such. 
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Effects of Controlled Acute Hemorrhage on Myocardial Contractile Force. 
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The concept that cardiogenic factors are 
contributory to death from shock has been 
well documented since the early observations 
of Werle, Cosby and Wiggers(1). These in- 
vestigators showed that pulsus alternans, 
progressive bradycardia, and an_ elevated 
right atrial pressure are terminal features of 
hemorrhagic shock. Pathologic study of dog 
hearts following hemorrhagic shock(2) has 
suggested that myocardial ischemia is the 
underlying cause of the cardiac depression. 
Further support is lent to this view by studies 
of coronary blood flow and myocardial oxy- 
gen consumption(3,4,5,6) which demon- 
strated that flow is decreased in spite of cor- 
onary vasodilatation and that myocardial 
oxygen consumption is reduced even though 
the extraction of oxygen from coronary ar- 
terial blood is increased. That a net decrease 
in cardiac efficiency is associated with shock 
has been generally agreed upon, but some in- 
vestigators feel that the observed reduction 
in coronary flow is insufficient evidence that 
cardiac failure contributes to the progression 
of hemorrhagic shock and have suggested 
that other properties of the myocardium be 
evaluated to elucidate further the mechanics 
of adjustment to the shock state(7). In the 
present study myocardial contractile force 
was measured during acute hemorrhage and 
onset and extent of myocardial depression 
assessed by this means. 

Methods. Adult mongrel dogs weighing 
9-14 kg and apparently in good health were 
anesthetized with thiopental (30 mg/kg) and 
respiration was maintained through a cuffed 
endotracheal tube attached to a piston-type 


respirator. Central aortic pressure was ob- 
tained by cannulation of one femoral artery 
and the opposite femoral artery was cannu- 
lated and connected to an elevated calibrated 
reservoir. A Walton-Brodie strain gauge 
arch(8) was sutured to the anterior surface of 
the right ventricle after the right chest had 
been opened. The segment of myocardium 
between the points of attachment of the arch 
was stretched by at least 50% of its initial 
length so that any change in fiber length 
would not affect the measurement of contrac- 
tile force(9). Pressures measured by means 
of Statham transducers were recorded con- 
tinuously, along with myocardial contractile 
force, on a direct-writing polygraph. The 
animals were given heparin intravenously 
(2 mg/kg) and after a control observation 
had been made they were allowed to bleed 
into the reservoir at a steady rate. Eight 
dogs were bled at a rate which lowered mean 
aortic pressure to 50 mm Hg within 2 min- 
utes; 4 dogs were bled to this level of pres- 
sure in 5 minutes and another 4 dogs were 
bled to this pressure in 10 minutes. Blood 
pressure was maintained at or below 50 mm 
Hg by continued withdrawal of blood as 
necessary during the period of observation 
and the animals were then sacrificed. 

An additional group of 4 dogs was studied 
utilizing total right heart bypass. Cannulae 
were inserted into the superior and inferior 
vena cavae and a third cannula was inserted 
into the right ventricle to return coronary 
blood and provide total ventricular decom- 
pression. The venous return from these can- 
nulae was collected in a reservoir and _ re- 


AcUTE HEMORRHAGE ON MyocarpIAL CONTRACTILE FORCE 859 


turned to a branch of the pulmonary artery 
by a Sigmamotor pump. Systemic pressure 
was acutely reduced by decreasing rate of 
flow into the pulmonary artery, simulating 
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acute bleeding. Arterial pressure was re- 
duced to 40-50 mm Hg within 2 minutes and 
changes in right ventricular contractile force 
were recorded. 
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FIG. 1. Effects of acute hemorrhage on heart rate, myocardial contractile foree and mean 


arterial pressure of a normal dog. Mean arterial pressure was lowered to 40 mm Hg within 2 


min. of onset of bleeding. 
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FIG. 2. Effects of controlled acute hemorrhage on heart rate (A—A), myocardial contrac- 
tile foree (O—Q) and mean arterial pressure (@—e) in 2 normal dogs. A mean arterial pres- 
sure of 50 mm Hg was attained within 2 min. in Dog #5 and within 5 min. in Dog #7. At 
point A in Dog #7 bleeding was stopped for 1 min., and bleeding was resumed at point B. 


FIG. 3. Effects of acute hemorrhage on myocardial contractile force (© 
(A—A) and mean arterial pressures (@—@ ye 


©), heart rate 
The dog was bled over a 6-min. period to a pres- 


sure of 80 mm Hg (point A). Bleeding was discontinued for 3 min, and then resumed (point B). 
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Results. The cardiovascular responses of 
a normal dog to sudden acute hemorrhage 
are shown in Fig. 1. With onset of bleeding 
there was an increase in heart rate and con- 
tractile force, but depression of both occurred 
when mean aortic pressure fell below 90 mm 
Hg. The decrease in contractile force pre- 
ceded the fall in rate. Fig. 2 (dog #5) illus- 
trates the findings in another experiment in 
which hemorrhage at approximately the same 
rate was induced; a decrease in contractile 
force occurred while heart rate was still in- 
creasing. Subseqeunt depression in both 
heart rate and contractile force were again 
noted when mean arterial pressure was low- 
ered to 100 mm Hg. In the second experiment 
in Fig. 2 (dog #7) bleeding was stopped when 
arterial pressure reached 120 mm Hg (point 
A) and both rate and contractile force sta- 
bilized. When bleeding was resumed one 
minute later (point B) decreases in contrac- 
tile force and rate were observed as arterial 
pressure fell to 100 mm Hg. In all animals 
bled to a mean arterial pressure of 50 mm Hg 
within 2 or 5 minutes an average initial in- 
crease in contractile force of 13.7% was 
noted. Contractile force and heart rate be- 
gan to decrease at an average mean pressure 
of 95 mm Hg and when the pressure had 
fallen to 50 mm Hg, contractile force aver- 
aged 28.3% less than control levels. Mea- 
surements of right ventricular end-diastolic 
pressures in 4 of the dogs bled acutely 
showed no significant change during the pe- 
riod of observation. 

The effects of a slower rate of bleeding are 
shown in Fig. 3. In this dog the gradual de- 
cline in arterial pressure was accompanied 
by a marked increase in heart rate and con- 
tractile force. When bleeding was stopped 
at a mean pressure of 80 mm Hg (point A) a 
gradual decrease in both contractile force and 
heart rate occurred. When bleeding was re- 
sumed 3 minutes later (point B) a more rapid 
decline in both modalities was observed. Ob- 
servations in all 4 dogs bled to 50 mm Hg 
during a 10 minute period showed that aver- 
age initial increase in contractile force was 
27.6%. Decreases in contractile force and 
heart rate were noted at an average mean 
pressure of 86 mm Hg; at the end of the 10 
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minute observation period contractile force 
averaged 37.7% less than control levels. 

In the dogs subjected to right heart by- 
pass, the effects of acute hypotension on myo- 
cardial contractile force were identical to the 
effects of acute bleeding. Decreases in heart 
rate and contractile force occurred at an av- 
erage mean pressure of 85 mm Hg and aver- 
age depression in contractile force at the end 
of 5 minutes of hypotension was 47.8%. At 
the end of the hypotensive period, rate of 
perfusion was increased sufficiently to return 
arterial pressure to control levels; the con- 
tractile force showed a corresponding return 
to an average of 105% of control. 

Discussion. The cardiovascular response 
to hemorrhagic shock in dogs has been stud- 
ied in most cases after shock levels of arterial 
pressure had been induced. At this level of 
circulatory depression, it has been shown that 
there is coronary vasodilatation(6), de- 
creased coronary flow(6), elevated atrial 
pressure(3), decreased stroke output(10), 
and increased oxygen extraction from coron- 
ary blood(5). From investigations made 
during induction of shock it has been shown 
that a metabolic conversion occurs from the 
aerobic phase of the Krebs cycle to an anaer- 
obic phase with increased levels of pyruvate 
and lactate in coronary venous blood(4). It 
has also been demonstrated by electropolar- 
ographic technics that a decline in myocar- 
dial oxygen availability in the tissues occurs 
in proportion to the decline in arterial pres- 
sure induced by rapid hemorrhage(12). The 
changes in contractile force noted in the 
present study no doubt result from the meta- 
bolic and hemodynamic alterations above. In 
every animal, regardless of rate of bleeding, 
a decrease in contractile force occurred when 
mean arterial pressure fell to 85-95 mm Hg, 
and shortly thereafter was accompanied by a 
fall in heart rate. 

In the animals subjected to right heart by- 
pass, identical depression of heart rate and 
contractile force was noted during hypoten- 
sion. As arterial pressure was increased to 
normal, heart rate and contractile force re- 
turned to control levels. This constant rela- 
tionship of contractile force to arterial pres- 
sure, and the coincident decrease in heart 


PURIFICATION OF CATTLE TRANSFERRIN 


rate, support the assumption that the 
changes are due to myocardial depression. 
The most logical explanation for the depres- 
sion of contractile force and heart rate below 
a mean arterial pressure of 90 mm Hg is that 
this represents a critical coronary perfusion 
pressure. With profound hypotension the 
role of coronary insufficiency in the depres- 
sion of ventricular function has been previ- 
ously shown(11), but the present results in- 
dicate that neither prolonged nor severe cir- 
culatory depression is necessary for the oc- 
currence of myocardial depression in response 
to hemorrhage. In a study of dogs with to- 
tally denervated hearts* neither augmenta- 
tion nor depression of heart rate and myocar- 
dial contractile force occurred in response to 
acute hemorrhage. These findings suggest 
that in addition neurogenic factors influence 
the myocardial response to rapid blood loss. 

Summary. The changes in myocardial 
contractile force and heart rate which accom- 
panied acute bleeding were studied in normal 
dogs. Increases in contractile force and heart 
rate were noted in response to hemorrhage 
until mean arterial pressure fell to less than 
90 mm Hg. Below this level of pressure de- 
pression of both modalities began and con- 


* To be published. 
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tinued as pressure was further lowered. 
These findings indicate that myocardial de- 
pression occurs at an early stage in acute 
bleeding and probably results from a critical 
diminution in coronary perfusion pressure. 
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Chemical studies of genetic differences in 
proteins are invaluable in understanding the 
mechanism of gene action. Inherited varia- 
tions in the serum proteins of many animal 
species can be used to study gene-controlled 
protein specificity(1). Transferrin, also 
known as siderophilin or 8-metal combining 
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globulin, appears to be a very promising sub- 
ject for such a study, since inherited varia- 
tions in this protein have been demonstrated 
in many animal species(2-5), and much is 
known about its chemical properties(6). 
Transferrin of cattle serum can be resolved 
into at least 4 components by starch gel elec- 
trophoresis(7,8). The mobility of all of 
these are affected by a change in the trans- 
ferrin locus. Five alleles have been described 
so far, designated BA, B8, BP, BY, B®, in or- 
der of decreasing mobility of the correspond- 
ing transferrin(9). Different breeds of cat- 
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tle have different frequencies of these alleles 
(9,10). 

Transferrin is usually isolated by fraction- 
ating serum with ethanol or ammonium sul- 
fate(11-13). Boettcher et al.(14) have de- 
vised a simpler approach. Rivanol (2-ethoxy 
6,9-diaminoacridine lactate) is added directly 
to human serum to precipitate albumin and 
most of the a-globulin fraction. Transferrin 
has been purified and crystallized from this 
supernatant(15). In our work, transferrin 
from cattle serum has been partially purified 
using rivanol. Our ultimate goal is to pre- 
pare cattle transferrin pure enough for 
chemical studies of the phenotypic differ- 
ences. In addition, we wish to determine the 
nature of the apparent multiplicity of this 
protein. 

Materials and methods. Rivanol was ob- 
tained from the Special Chemical Depart- 
ment of Winthrop Laboratories under the 
trade name ‘Ethodin.” Fractionation was 
carried out as follows: Serum was saturated 
with respect to iron by addition of 12 pg iron 
(as ferrous ammonium sulfate) per ml serum. 
The mixture was kept at 5°C for one hour. 
A predetermined volume (see below) of 0.4% 
aqueous rivanol was then added to one vol- 
ume serum. The final pH was adjusted to 
8.5-8.6 with 0.1 N sodium hydroxide and the 
mixture kept at 5°C for one hour. The pre- 
cipitate was removed by low speed centrifu- 
gation, and dissolved in 0.1 M acetate buffer, 
pH 4.7. The supernatant was treated with 
Norite or dialyzed to remove rivanol. 

Electrophoresis of all fractions was carried 
out in vertical starch gels(16) using borate 
buffer, pH 8.6. Some of the fractions were 
also analyzed by paper electrophoresis using 
an E-C pressure-plate electrophoresis appar- 
atus. The buffer used contained 58.8 g so- 
dium barbital, 23.4 g anhydrous sodium ace- 
tate, 3 1 distilled water, and 2.5 ml glacial 
acetic acid. The final pH was 8.6. After 
electrophoresis in starch gel or on paper, the 
proteins were stained with Amido Black. Six 
vl serum were used for analysis on paper 
and about 0.1 ml for starch gel. 

Results. One-volume samples of serum 
were treated with increasing volumes of 0.4% 
rivanol to determine the ratio of rivanol to 
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serum that would give maximum purification 
of transferrin. After addition of the appro- 
priate amount of rivanol, the precipitates 
were removed by centrifugation and the su- 
pernatants analyzed by starch gel electro- 
phoresis. The rivanol migrated towards the 
cathode and off the gel completely. No cor- 
rection was made for the dilution effect of the 
rivanol solution added. The results of this 
first experiment are shown in Fig. 1. Addi- 
tion of an equal volume of 0.4% rivanol to 
serum did not affect the pattern on starch gel 
appreciably, while a 2:1 ratio of rivanol to 
serum removed a large amount, but not all, 
of the albumin and some of the slow a-globu- 
lin. At a ratio of 3:1 there was no albumin 
and very little if any slow a-globulin visible 
on the gel. At this ratio, the transferrin 
bands were clearly visible and apparently un- 
affected by the rivanol treatment, as com- 
pared to the untreated serum. At ratios 
above 3:1, the transferrin bands became 
faint, but were still clearly visible. From 
these results it was concluded that the opti- 
mum ratio of rivanol to serum was 3:1, and 
this ratio was used in all further experiments. 

In the next experiment, serum from the 
same cow, (BF 486, Holstein-Fresian Breed, 
type BP/B?) was treated with rivanol, and 
after removal of the rivanol, the supernatant 
was lyophilized and redissolved in distilled 
water to the same volume as the original se- 
rum. Likewise, the precipitate was recon- 
stituted using 0.1 M acetate buffer at pH 4.7. 
A considerable amount fo protein in this frac- 
tion failed to dissolve so the sample used for 
electrophoresis was heterogeneous. Only 
transferrin and y-globulin were clearly visible 
in the supernatant fraction. As expected, the 
insoluble fraction contained albumin and 
slow a-globulin, but only trace amounts of 
transferrin and y-globulin. 

The fractions of serum obtained after 
treatment with rivanol were studied also by 
paper electrophoresis. The insoluble frac- 
tion contained considerable amounts of f- 
globulin, even though only a small amount of 
transferrin was present. Also, a considerable 
amount of insoluble protein remained at the 
origin in this fraction. The evidence from 
both paper and starch gel electrophoresis in- 
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FIG. 1. Starch gel electrophoresis patterns of fractions of cattle serum after addition of 


varying amounts of rivanol solution. Ser = untreated serum. Samples 1-5 — soluble fractions 
after addition of 1-5 volumes of 0.4% rivanol to one volume serum. (Cow BF486, type g”/s”.) 
O = origin; y = y-globulin; Sa = slow a-globulin; Trf -= transferrin; Alb = albumin. 

FIG. 2. Starch gel electrophoresis patterns of serum from cows of 3 different transferrin 
phenotypes and corresponding supernatant fractions of sera after treatment with 0.4% rivanol. 
A = serum of type p*/gp?; a = supernatant fraction of A; B = serum of type p4/g4; b = 


supernatant fraction of B; C = serum of type g”/g”; ¢ = supernatant fraction of C. 


symbols as in Fig. 1. 


dicates that treatment of cattle serum with 
0.4% rivanol removes albumin and the a- 
globulin fraction. 

Serum from each of 3 cows with pheno- 
typically distinct transferrin types was 
treated with rivanol to see if the transferrin 
behaved similarly. As shown in Fig. 2, the 
supernatant fractions of all 3 cattle sera con- 
tained transferrin with the same patterns and 
mobilities as the untreated sera. 

The genetically controlled variants in the 
serum £-globulin of humans and cattle were 
first shown to be transferrin by autoradio- 
graphs using iron-59(3). We have confirmed 
this for cattle using our partially purified 
transferrin preparations. 

Discussion. Our results with rivanol frac- 
tionation of cattle serum closely parallel 
those of other workers using human serum 


Other 


(14,17). At ratios of 3:1 (v/v) 0.4% riva- 
nol to serum, the albumin and a-globulin 
fractions of cattle serum are almost com- 
pletely precipitated, leaving transferrin and 
y-globulin in solution. Although cattle trans- 
ferrin can be resolved into at least 4 bands 
by starch gel electrophoresis, treatment of 
serum with rivanol does not differentially af- 
fect the bands. In this respect, transferrin 
behaves as a unit. 

Nothing is as yet known about the chemi- 
cal basis of the differences observed between 
individuals of different transferrin pheno- 
types. Differences in mobility have been 
demonstrated by paper electrophoresis for 
the products of different transferrin alleles in 
both human and mouse serum(2,4). Human 
and porcine transferrin have been crystallized 
and found to contain considerable amounts 


864 


of sialic acid and hexosamine(6), so that the 
genetically controlled differences may involve 
either amino acids or carbohydrates. The na- 
ture of the multiplicity of transferrin from 
cows homozygous at the transferrin locus also 
remains an unsolved problem. It is possible 
that the bands are composed of the same 
protein with different numbers of sialic acid 
moieties attached. It has been found that 
treatment of human transferrin with neura- 
minidase results in the appearance of 5 bands 
whose intensity varies with the concentration 
of the enzyme(18,19). Direct evidence bear- 
ing on these questions, however, must await 
further purification of these proteins. 
Summary. <A ratio of 3 volumes 0.4% 
rivanol to one volume serum was used to 
partially purify cattle transferrin. After 
treatment, the supernatant fraction contained 
predominantly transferrin and _ y-globulin. 
No albumin was detectable by starch gel or 
paper electrophoresis. Fractionation of se- 
rum from cattle of phenotypically different 
transferrin types yielded transferrin with the 
same pattern and mobility in starch gel elec- 
trophoresis as in the original serum. 
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The search for orally effective and safer 
diuretic agents led to the introduction of 
benzthiadiazines as a new class of diuretics 
Giae 

Recently attempts have been made to de- 
velop more potent benzthiadiazines with a 
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greater specificity in their natriuretic action, 
lesser effect on excretion of potassium or on 
glomerular filtration rate. Such efforts cul- 
minated recently in synthesis and develop- 
ment of polythiazide, 2-methyl-3-(8,8,8-tri- 
fluoroethyl - thiomethyl) - 6 - chloro - 7 - 
sulfamyl-3 ,4-dihydro-1,2,4 benzothiadizine, 1, 
1 dioxide. 


— 
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Material and methods. Polythiazide oc- 
curs as a white crystalline substance with a 
molecular weight of 439.9 and a melting 
point 214-215°C. The compound is insol- 
uble in water but dissolves readily in alka- 
line solution. 

To study the diuretic activity of polythia- 
zide in rats the method of Lipschitz e¢ al.(3) 
was used. Each animal was placed in a separ- 
ate metabolism cage for a 5-hr period. Concen- 
trations of Na*, K* and Cl were determined 
in each collected urine sample. Results were 


where T is urine volume 


expressed as 
hr 


or electrolyte concentration in the urine sam- 
ple collected from a treated animal and C is 
average control value for 8 animals. A total 
of 112 rats was used in this study. 

The saluretic activity of polythiazide was 
evaluated in 8 trained female dogs during 
water diuresis. To produce water diuresis 
the animals received orally a prime of 40 ml 
of water per kg of body weight and 20 ml/kg 
hourly thereafter. The dogs were trained to 
remain without anesthesia or restraint on 
trough shaped boards for 6-7 hours. Urine 
was collected by retention catheter continu- 
ously at hourly or at 10-30 minute intervals. 
Four experiments were made at each dose 
level of each drug. Polythiazide was given 
orally or intravenously. The increase in so- 
dium or chloride concentrations in the urine 
was used to measure the saluretic effective- 
ness of the drug. 
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To study the duration of action of poly- 
thiazide over a 24 hour period 6 female mon- 
grel dogs were deprived of food and water 
during the night prior to and throughout the 
experimental period. The animals received 
drugs orally. Urine samples were collected 
by repeated catheterizations. The effects of 
the diuretics were expressed as T-C, where T 
is average urine volume or amount of electro- 
lytes excreted by 6 dogs after treatment and 
C is average control value for the same dogs. 


Renal clearance experiments were per- 
formed on dogs lightly anesthetized with so- 
dium pentobarbital, 25 mg/kg I.V. Isotonic 
dextrose or NaCl solutions were infused at 
the rate of 0.4 ml/min/kg for 2% hours prior 
to and during the experiment. 

Experimental metabolic acidosis was pro- 
duced in 4 female mongrel dogs by dietary 
supplement of ammonium chloride, 0.5 g/ 
kg/day for 5 days prior to the test. On the 
test day 5% dextrose solution was infused at 
0.4 ml/min/kg for 2% hours prior to and 
throughout the experiment. Experimental 
metabolic alkalosis was produced in female 
mongrel dogs anesthetized with sodium pen- 
tobarbital (25 mg/kg I.V.) by infusion of a 
solution containing 0.075M NaHCO; and 
21%4% dextrose (1 ml/kg/min for 10 minutes 
and 0.4 ml/min/kg for one hour). 

Sodium and potassium in urine and plasma 
were determined with the Process Instru- 
ments flamephotometer. Urinary chlorides 
were determined by a method of Sendroy(4) 
and chlorides in plasma by the method of 
Schales and Schales(5). Determinations of 
total CO. in urine and plasma and calcula- 
tion of bicarbonate concentration were done 
according to Peters and Van Slyke(6). De- 
terminations of creatinine were made by the 
Folin method(7) and PAH was determined 
according to Smith et al.(8). Determina- 
tions of ammonium concentration in urine 
were done by the Conway method(9). 

The changing pH method of Philpot and 
Philpot(10) was employed for estimation of 
carbonic anhydrase inhibitory activity as pre- 
viously described(11). 

To study the effect of chronic administra- 
tion of polythiazide on blood pressure of hy- 
pertensive dogs systolic and diastolic pres- 
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FIG. 1. Dose-response regression lines for polythiazide and trichlormethiazide orally in raés. 

Effects on urinary flow, Nat, K+ and Cl cxeretion are expressed as differences in excretion be- 

tween an animal under test and an avg value for 8 control rats. Regression lines were calculated 

on the basis of 56 observations for polythiazide and 72 observations for trichlormethiazide. 

R.P. = Relative potencies with 95% confidence limits. Potency of trichlormethiazide is con- 
sidered equal to 1. 


sures were measured in 8 hypertensive un- 
anesthetized dogs by the method of Prioli 
and Winbury(12). Three types of hyperten- 
sive dogs were used: (a) 4 renal hypertensive 
dogs prepared by the method of Goldblatt 
et al.(13); (b) 2 neurogenic hypertensive 
dogs prepared by the method of Grimson 
(14); and (c) 2 dogs exhibiting a profound 
and sustained spontaneous hypertension. The 
dogs were randomly divided into 2 groups of 
4 dogs per group. One group received daily 
oral dose of 400 pg/kg of polythiazide (by 
stomach tube) for 5 days; the other group 
served as controls. Systolic and diastolic ar- 
terial pressure measurements and heart rate 
determinations were made twice daily over 
the experimental period. 

The antihypertensive activity of polythia- 


zide was also evaluated in renal hypertensive 
rats prepared by the method described by 
Grollman(15) and treated with oral doses of 
50, 100, 200 and 400 yug/kg, twice a day 
over a 3 or 344 day period. Eight rats were 
used at each dose level. One group served as 
the solvent control. The drug solutions were 
prepared fresh daily. Blood pressure mea- 
surements in these animals were made with- 
out anesthesia by the oximetric technic(16) 
each morning prior to and 4 hours after drug 
administration. 

Results. Diuretic and saluretic effects in 
rats. In rats polythiazide by oral adminis- 
tration was 2.9, 9.9, 5.5 and 0.4 times more 
potent than trichlormethiazide on the basis 
of the increase in urine volumes, Nat, Cl, K* 
excretion, respectively (Fig. 1). The 95% 
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FIG. 2. Saluretic effects of polythiazide 31 ywg/kg by oral and intray. administration to trained 
dogs during water diuresis. Avg values for 4 dogs. Brackets indicate stand. errors. 


confidence limits of the relative potency in- 
dicated the statistical significance of the dif- 
ferences in potency. On the basis of K* ex- 
cretion polythiazide was less potent than tri- 
chlormethiazide whereas on the basis of Na* 
excretion it was considerably more potent. 

Comparison of dose-response regression 
lines for polythiazide with those for benzthia- 
zide and chlorothiazide(11) revealed that 
polythiazide is about 40.0 times as potent as 
benzthiazide or 400-600 times as potent as 
chlorothiazide in its natriuretic and chloru- 
retic effects. . 

Saluretic effects in dogs during water di- 
uresis. Under the conditions of water di- 
uresis urine volumes and K* excretion are 
usually not appreciably influenced by benz- 
thiadiazines and the effectiveness of these 
drugs can be evaluated only on the basis of 
increase in excretion of sodium and chloride. 
Polythiazide produced a pronounced increase 
in excretion of both. This increase became 
apparent in the first hour after oral and 20 
minutes after intravenous administration of 
the drug (Fig. 2). In control experiments 


there was no increase in excretion of electro- 
lytes during the same period. 

Duration of action studies. The duration 
of diuretic and saluretic effects of polythia- 
zide and trichlormethiazide is compared in 
Fig. 3. The difference in duration of action 
of polythiazide and trichlormethiazide (each 
at 125 pg/kg orally) became apparent in 6- 
24 hours after oral administration of drugs. 
During that period trichlormethiazide pro- 
duced a rebound phenomenon—~.e., a de- 
crease in urinary excretion of Na*+ and Cl 
when polythiazide effect was still evident. 
The long duration of polythiazide action was 
observed at 31 pg/kg dose level as well as at 
125 pg/kg. 

Renal clearance experiments. a. During 
infusion of 5% dextrose solution. Polythia- 
zide is an effective natriuretic agent under 
conditions of these experiments (Table I). 
Intravenous injection of 50 pg/kg followed 
by infusion at the rate of 75 uwg/kg/hr pro- 
duced a 6-8 fold increase in rate of Na* and 
Cl excretion. This increase was much 
greater than the increase in urine volumes so 
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that concentrations of Na* and Cl in the 
urine increased greatly. Excretion of K+ was 
also increased. The increase was less than 
1/10 of that of sodium excretion. There was 
no effect on excretion of bicarbonate, ammo- 
nium or on urinary pH. Polythiazide had no 
effect on glomerular filtration rate (creatinine 
clearance). Slight secondary decrease in renal 
plasma flow (clearance of sodium p-amino- 
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hippurate) was observed during the second 
clearance period after treatment. It is of ques- 
tionable significance and may not be related 
to drug action. 

b. During infusion of isotonic NaCl solu- 
tion. Table II summarizes 4 experiments in 
which 10 pg/kg of polythiazide was given in- 
travenously followed by infusion at 15 pg/ 
kg/hr. In these experiments the rate of Na* 
excretion prior to the drug was relatively 
high (400-500 »Eq/min) and the saluretic 
effects of polythiazide were less pronounced. 
The average increase in rate of Na* excretion 
was 143 ywEq/min; that of chloride, 153 
p»Eq/min. There was only a slight and ques- 
tionable increase in urinary pH and in rates 
of bicarbonate, potassium and ammonium ex- 
cretion. In these experiments polythiazide 
produced a slight increase in glomerular fil- 
tration rate and renal plasma flow. Plasma 
electrolytes and plasma pH were not affected 
by the drug. At dose levels as high as 10 
mg/kg i.v. the effects of polythiazide under 


DURATION OF DIURETIC ACTION 
OF POLYTHIAZIDE AND  TRICHLORMETHAZIDE 
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FIG, 3. Effects of polythiazide and trichlormethia- 
zide each at 125 ywg/kg orally on urinary volumes, 
Nat, K* and Cl exeretion over a 24-hr period in 
dogs deprived of food and water. Effects are es- 
pressed as differences in excretion after drug and 
control values for the same dogs. Avg values for 6 
animals. Vertical lines represent stand. errors. 

Note long duration of polythiazide action. 
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same experimental conditions were not 
greatly different (Table III). At 10 mg/ 


kg the natriuretic and chloruretic effects of 
polythiazide were not considerably greater 
than at lower dose levels. Even at such high 
doses, the effects of polythiazide on rates of 
potassium and bicarbonate excretion were 
not pronounced. The glomerular filtration 
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rate in these experiments was not depressed 
even by massive doses of polythiazide. 

Experimental metabolic acidosis and alka- 
losis. In 3 dogs with experimental acidosis, 
0.4 mg/kg of polythiazide followed by infu- 
sion at 0.6 mg/kg/hr produced a pronounced 
increase in excretion rate of sodium and 
chloride, slight increase in excretion of potas- 
sium, and no effect on rate of ammonium ex- 
cretion. There was a slight and question- 
able decrease in urinary pH and in rate of 
bicarbonate excretion. A typical experiment 
on an acidotic dog is presented in Table IV. 

In dogs with experimental alkalosis, poly- 
thiazide at 0.4 mg/kg followed by infusion 
at 0.6 mg/kg/hr produced a pronounced in- 
crease in rate of Na* and CI excretion. 
There was a slight increase in excretion rate 
of K*. Under conditions of metabolic alka- 
losis polythiazide produced a considerable in- 
crease in rate of bicarbonate excretion (Ta- 
bles V,)- 

Carbonic anhydrase inhibitory activity in 
vitro. The in vitro molar concentration of 
polythiazide required for 50% inhibition of 
carbonic anhydrase was estimated as 5 
107M and that for chlorothiazide 1 
10-°M. 

Cardiovascular effects of polythiazide. An- 
esthetized normotensive dogs. In normoten- 
sive anesthetized dogs, polythiazide was 
tested at dose levels of 1 to 50 mg/kg, intra- 
venously. The animals were observed for at 
least 4 hours following drug administration. 
There were no significant changes in blood 
pressure or heart rate which could be attrib- 
uted to the drug action. Slight potentiation 
of the pressor response of adrenaline was 
noted occasionally. 

Unanesthetized hypertensive dogs. In 4 
dogs with experimental or spontaneous hy- 
pertension, daily oral administration of poly- 
thiazide (400 wg/kg/day for 5 days) caused 
decrease in both systolic and diastolic pres- 
sure, the maximum effect seemed to appear 
on the fifth day of treatment (Fig. 4), when 
the decrease in systolic and diastolic pressure 
was significantly (P<0.05) lower in the 
treated than in the control group of 4 other 
hypertensive dogs. Heart rate recorded 
concomitantly with arterial pressure deter- 
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TABLE III. Effect of Polythiazide on Glomerular Filtration Rate and Electrolyte Exeretion during In- 
fusion of Isotonie NaCl Solution. 


Dog 9, 11.4 kg 
Anesthesia: Sodium pentobarbital, 25 mg/kg i.v. 


Glomeru- 


Rate of excretion, 


Dura- Urine lar filtra- Plasma cone., meq/1 mm pH-—+ weg/min. 
tion, flow, tion rate, 

Period min. ml/min. ml/min. Nat K+ Cl HCO, Urine Plasma Nat K* Cl HCOS 
1 20 1.0 28 145 3.9 120 25 7.12 Us 149 21 158 29 
2 20 9 28 151 3.8 118 23 fall) 7.27 145 20 146 27 

Polythiazide, .1 mg/kg prime followed by .1 mg/kg/hr infusion 
3 20 1.8 — 150 3.9 120 — 7.20 7.26 340)— 50 305 
4 20 1.4 33 To1S. al 20 22 7.20 7.24 217 32 228) 33 
Polythiazide, 1 mg/kg prime followed by 1 mg/kg/hr infusion 
5 20 1.8 — 145 4.0 120 — 7.30 7.27 331) 48) 305 
6 20 1.6 33 152 3:7 122 21 7.20 7.28 390) 39) 267 eon 
Polythiazide, 10 mg/kg prime followed by 10 mg/kg/hr infusion 
7 20 2.4 — 146 3.5 120 — 7.30 7.25 463 62 407 — 
8 20 2.0 34 152 3.8 120 20 7.40 7.25 374 56 345 75 


minations was not significantly changed by 
the polythiazide treatment. 

Unanesthetized hypertensive rats. Daily 
oral administration of 100 pg/kg, or more, of 
polythiazide produced a statistically signifi- 
cant (P<0.05) lowering of mean arterial 
blood pressure in hypertensive rats (Fig. 5). 
The antihypertensive effect did not become 
apparent until the second or third days of 
treatment. 

Discussion. Our studies in rats and dogs 
on the pharmacological activities of polythia- 
zide indicated that this compound is a po- 
tent, orally active diuretic and antihyperten- 
sive agent. The long duration of action, in- 
crease in excretion of sodium and chloride in 
equivalent amounts, effectiveness in meta- 
bolic acidosis and alkalosis characterized the 
diuretic activity of polythiazide. Almost 


equal activity by oral and intravenous ad- 
ministration indicated complete absorption. 
The potency of polythiazide was estimated 
on the basis of a 5 hour urine collection in 
rats. Because of the prolonged duration of 
polythiazide action its actual potency is prob- 
ably considerably higher than these data in- 
dicated. But even on the basis of a 5 hour 
observation period polythiazide is one of the 
most potent diuretics known. The excep- 
tionally long duration of polythiazide action 
shown in this study was confirmed in recent 
clinical investigation(17). Polythiazide was 
found to be effective in man for as long as 
48 hours after oral administration. 
Polythiazide produced a pronounced in- 
crease in sodium and chloride excretion in 
dogs infused with a 59% dextrose solution. 
Glomerular filtration rate in these experi- 


TABLE IV, Effect of Polythiazide i.v. on Exeretion of Electrelytes in a Dog with Experimental Meta- 
bolic Acidosis. 


Rk 
Dog 9, 11.5 kg é 
Anesthesia: Sodium pentobarbital, 25 mg/kg icy. 


Glomeru- 


Dura- Urine lar filtra- Plasma cone., meq/1 pH Rate of excretion 
tion, flow, tion rate, Plas- weg/min. 
Period min. ml/min. ml/min. Nat KCl HCOss) Urine ma Nat K+ Clr HCO; Nga 
Avg of 
1—2 20 2.1 30 145 2.8 108 11 5.3 7.15 36) 12 92 4 38 
Polythiazide, 0.4 mg/kg i.y. followed by infusion at 0.6 mg/kg/hr 
3 20 2.1 29 143 2.6 105 13 BeIE Pails} 57 14 164 se 36 
+ 20 ino 30 149 26 95 12 5.0 7.13 158 24 222 v2 38 
5 20 1.5 27 141 2.6 103 13 4.8 7.18 123° 21 178 5 37 
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TABLE V. Effect of Polythiazide iv. on Excretion of Electrolytes in a Dog with Experimental Meta- 
bolie Alkalosis. 


eS a a ee re ee ee ee ae 
El 


Dog No. 6086 9, 22.2 kg 
Anesthesia: Sodium pentobarbital, 25 mg/kg iv. 


; Glomeru- Rate of excretion, 
Dura- Urine _ lar filtra- Plasma cone., meq/1 aS pl uweq/min. 
; tion, flow, __ tion rate, 
Period min. ml/min. ml/min. Nat K+ Cl HCO; Urine Plasma Nate Ke Clan HCO: 
i 20 4.5 60 148 2.6 99 28 iol 7.46 88 35 34 98 
2 20 4.2 56 147 2.6 97 28 fled. 7.48 90 31 40 93 
Polythiazide, 0.4 mg/kg followed by 0.6 mg/kg/hr infusion 
3 20 5.4 60 G0) ae Oe 31 7.8 7.45 438 44 237 214 
4 20 5.8 59 149 2.7 99 30 7.8 7.47 465 48 252 243 
5 20 6.3 61 153 2.7 96 32 7.8 7.47 504 53 265 286 


ments was not increased. The inhibition of 
carbonic anhydrase which is observed in vi- 
tro, was not generally evident during the 
polythiazide diuresis seen in normal animals, 
even at doses as high as 10 mg/kg i.v. Only 
in experimental alkalosis was there a marked 
increase in bicarbonate excretion after poly- 
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FIG. 4. Effect of polythiazide, 400 ng/kg orally, 
on blood pressure and heart rate of unanesthetized, 
hypertensive dogs. At the arrow polythiazide was 
administered; C is control. Avg values for 4 dogs. 
Vertical bars represent stand. errors of mean. 
Where indicated (A) there is a statistically signi- 
fieant difference between control and treated ani- 
mals. 

FIG. 5. Effect of oral treatment with 200 ug/kg 
of polythiazide twice daily on blood pressure in 
unanesthetized hypertensive rats. At the arrow 
polythiazide was administered; C is control. Avg 
for 8 rats. Vertical bars represent stand. errors of 
mean. Where indicated (A) there is a statistically 
significant difference between control and treated 
rats. 


thiazide, attributable to the carbonic 
drase inhibitory activity of the drug. 


anhy- 


The demonstration of antihypertensive ac- 
tivity of polythiazide in animals indicated the 
possible usefulness of this drug in treatment 
of hypertension. The sustained effect should 
be a desirable property of polythiazide used 
as an antihypertensive agent. The mechanism 
of antihypertensive action of benzthiadiazines 
cannot yet be clearly defined. The reduction 
of blood volume or decrease in reactivity of 
blood vessels as a result of blood volume re- 
duction(18) are still favored explanations 
for the mechanism of the benzthiadiazines ac- 
tion in hypertension. The changes in intra- 
cellular concentrations of Na* or K* in the ar- 
terial walls may, on the other hand, also ex- 
plain the antihypertensive activity(19). It 
was recently postulated(20), that ischemic 
kidneys of rats may produce a substance 
which would tend to increase selectively the 
intracellular K* concentration in the arterial 
walls of hypertensive rats. It is conceivable 
that a drug like polythiazide may antagonize 
the effect of this hypothetical substance on 
redistribution of tissue electrolytes. 


Summary. Polythiazide was found to be 
a highly potent, orally active diuretic agent 
in rats and dogs. Duration of polythiazide 
action was prolonged. The diuretic effect was 
demonstrated as late as 12 to 24 hours after 
oral administration of the drug. Onset of 
polythiazide action was rapid. After intra- 
venous administration to dogs, the maximal 
saluretic effect was obtained in 10 to 20 min- 
utes. The onset of action after oral admin- 
istration was less than one hour; maximal ef- 
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fect was obtained either during the first or 
second hour. Polythiazide produced an al- 
most equal increase in excretion of sodium 
and chloride. The increase in excretion of 
potassium was approximately 1/10 of that of 
sodium. In acute experiments on rats poly- 
thiazide was found to be 10 times more po- 
tent than trichlormethiazide in its natriuretic 
effect but only 0.4 times as potent in its kali- 
uretic effect. Polythiazide at dose levels as 
high as 10 mg/kg i.v. did not depress glo- 
merular filtration rate. Polythiazide is a 
carbonic anhydrase inhibitor im vitro. In 
vivo, polythiazide produced no or only mini- 
mal increases in excretion of bicarbonate in 
animals with normal acid-base balance. The 
drug was effective as saluretic agent in dogs 
with experimental metabolic acidosis or alka- 
losis. Antihypertensive activity of poly- 
thiazide was clearly demonstrated in rats and 
dogs with experimental hypertension. The 
antihypertensive effect had a slow onset and 
became evident on the second day of treat- 
ment. 
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Demonstration of Countercurrent Diffusion Exchange in the Vasa Recta 


of the 'Renal Medulla.* 
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Man and certain animals are capable of 
producing urine hypertonic to plasma as a 
means of conserving body water. It is cur- 
rently held that, under the influence of anti- 
diuretic hormone, the collecting ducts become 
more permeable to water and probably to 
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urea. Urine passing through the collecting 
duct equilibrates with the hypertonic inter- 
stitium of the renal medulla and papilla, be- 
coming concentrated with respect to plasma 
(1). Not only is the medulla hypertonic, 
but a gradient of osmolality(2) and solute 
concentration (sodium, urea, chloride, crea- 
tinine) has been demonstrated, increasing 
from the base of the medulla to the papillary 
tip(1,3,4). Micropuncture studies have 
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shown that fluid in the tip of the Henle loop, 
plasma in the vasa recta, and urine in the col- 
lecting ducts are all hypertonic to plasma 
and are of approximately the same osmolal- 
ity at any one level in the concentrating kid- 
ney(5,6). This gradient is presently consid- 
ered maintained by an active sodium pump, 
primarily in the loop of Henle, with counter- 
current diffusion exchange of sodium, urea, 
water and other diffusible solutes in the vasa 
recta(1,6). Some sodium also probably en- 
ters the medulla from the collecting ducts 
7). 

The close approximation of the descend- 
ing and ascending limbs of the vasa recta in 
the outer medulla, with blood flowing in op- 
posite directions, could allow countercurrent 
exchange of diffusible substances to which 
the vessels are permeable(1,3). This ex- 
change would serve to decrease the effective 
flow of interstitial diffusible solute out of the 
papilla, by shunting it from the ascending 
to descending limbs of the vasa recta. At 
the same time water would be partially ex- 
cluded from the papilla by exchange from 
the descending to ascending limbs. This 
would serve to maintain the high solute con- 
centrations in the papilla. Since the process 
is passive, diffusible solute present in the 
renal arterial blood should be short circuited 
from descending to ascending limbs of the 
vascular bundles. This would effectively de- 
crease their incorporation rate into the deeper 
papillary areas. 

The following experiment was devised to 
determine whether a rapidly diffusible ion to 
which capillaries are permeable viz. Rb®*, is 
in fact incorporated more slowly into the 
renal papilla than a relatively nondiffusible 
substance, I'?! human serum albumin. 


Method. Six hydropenic mongrel dogs 
each weighing approximately 10 kg were an- 
esthetized with about 25 mg/kg of thiopental 
sodium or Na-ethyl-(1-methyl-propy])-malo- 
nyl-thio-urea (Inactin).+ The right carotid 
artery was exposed, a polyethylene catheter 
inserted into the vessel, and the tip advanced 
to the root of the aorta. One femoral artery 
was catheterized for collection of blood sam- 


{+ Promonta GmbH, Hamburg, Germany. 
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ples. Through an abdominal incision both 
renal pedicles were isolated and a loose liga- 
ture placed about each. Each ureter was 
isolated and a small polyethylene catheter 
threaded to the renal pelvis, from approxi- 
mately 6 cm below the pedicle. After allow- 
ing time for stabilization of the animal, a 
mixture of I/*! albumin and Rb*®Cl in nor- 
mal saline, containing a small amount of non- 
radioactive rubidium, was infused into the 
aortic root. A constant infusion pump deliv- 
ered approximately 15 yc/sec of Rb*®Cl and 
10 pwc/sec of I'3' albumin. Twenty seconds 
after beginning the infusion, the renal pedi- 
cles were simultaneously ligated. The kidneys 
were then removed, and immediately placed 
in a dry ice-acetone mixture. Continuous 
femoral arterial blood samples were collected 
each second for 25 seconds during infusion. 
Duplicate pieces of inner medulla (papilla), 
outer medulla (carefully excluding the cor- 
tico-medullary border zone) and cortex, were 
cut from the frozen kidneys and weighed. 
Rb®* and J"! activity in these pieces, as 
well as that in aliquots of arterial plasma was 
determined, employing a well-type scintilla- 
tion counter and gamma ray spectrometer. 
Tissue radioactivities for Rb** and I'*! were 
expressed as counts per gram of tissue (wet 
weight), and plasma radioactivity as counts 
per milliliter of plasma. After correcting for 
collecting catheter time delay, mean arterial 
blood plasma Rb** and I['*! radioactivity 
concentrations were determined by summing 
the plasma concentrations from zero time un- 
til time of ligation and dividing by this time 
interval. The ratio of tissue radioactivity to 
average arterial plasma radioactivity for 
Rb** and I'*! was individually calculated, 
multiplied by 100 and designated “V”, “ap- 
parent volume of distribution,” in ml/100 g 
of tissue. Ratios of the apparent volume of 
distribution of Rb** (Vp) to that of I?! 
(V;) were determined for each piece of tis- 
sue (Vp/V;). Timed urine specimens were 
collected from each ureter for osmolality and 
volume flow determinations. Urine to plas- 
ma osmolal ratios varied from 2.0 to 3.6. Ar- 
terial pressure was monitored by means of a 
strain gauge transducer and direct writing re- 
corder throughout the procedure. Mean pres- 
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TABLE I. Ratio of ‘‘ Apparent Volume of Distri- 
bution’’ of RbCl and I Albumin (Vp/Vr) in the 
Kidney in 20 Seconds. 


Inner medulla Outer 

Kidney No. (papilla) medulla Cortex 
iL Ike 197 .700 3.19 

L .216 1.03 3.59 
ay .789 2.40 1.39 

L 566 1.55 5.64 

3) R 484 3.03 6.68 
L 441 2.46 7.18 

4 R 125 1.05 3.29 

L 641 | 737 3.16 

STR 22 1.93 6.49 

L 239 alles) 2.9 

6 R 64 2.6 7.2 

L 1.8 4.9 
Mean + S.D. 48 W483 Delta 
+.20 +.55 +1.74 


sure remained above 105 mm/Hg in all ani- 
mals. 

Three additional hydropenic dogs were 
similarly prepared but Na?*Cl was used in 
place of Rb®°Cl and the kidneys were ligated 
in 15 seconds. Only cortex and papilla were 
analyzed in these animals. 

Results. The ratios of Rb’ to albumin 
volumes of distribution in 20 seconds (Vp/ 
Vr) averaged 0.48 + 0.20 for the papilla, 
1.73 + 0.55 for the outer medulla and 5.13 
-++ 1.74 for the cortex (Table I). It is ap- 
parent that less than one half as much rubi- 
dium as albumin was incorporated into the 
papilla in 20 seconds, while approximately 
twice as much rubidium appeared in the 
outer medulla, and 5 times as much in the 
cortex. Similarly, the Na?** to albumin vol- 
umes of distribution in 15 seconds (Vy,/Vr) 
averaged 0.64 + 0.16 for the papilla and 
2.05 + 0.45 for the cortex. 

Discussion. The ascending and descending 
limbs of the vasa recta, comprising the vas- 
cular bundles of the outer medulla, could act 
either as conduits carrying blood to and from 
the papilla, or as permeable vessels acting as 
countercurrent diffusion exchangers. If they 
were merely conduits, then no Rb** could 
escape into the interstitium of the outer med- 
ulla and the ratio Vp/V; in the outer medul- 
lary tissue could only be 1.0. The papillary 
tissue in this instance would also have a 
Vz/V, ratio of 1.0, for no Rb** could escape 
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prior to reaching this area. Furthermore, 
none could accumulate in excess of albumin, 
since the 20 second perfusion time is substan- 
tially less than the papillary circulation time 
(8). However, as the results indicate, the 
observed ratio of Vp/Vr in the papilla was 
always less than 1.0. This circumstance can 
only mean that some Rb** has escaped from 
the descending vessels, prior to entering the 
papilla. That the descending and ascending 
limbs of the vasa recta are permeable to 
Rb** is further substantiated by the average 
V/V; ratio of 1.75 found in the outer med- 
ulla. Such a situation suggests diffusion of 
Rb** into the interstitium, while the albu- 
min remains intravascular. In 2 kidneys, 1R 
and 4R (Table I) the observed outer medul- 
lary V/V; ratios were 0.70 and 0.74, 7.e., 
there was less Rb** than albumin in these 
pieces. The segment removed from the 
medulla in these cases was probably far 
enough distal to the origin of the vascular 
bundles at the base, to have allowed some 
diffusion loss of Rb’° from the blood prior 
to its reaching the tissue counted. 


The accumulations of Rb** and I'*! in 
the cortex cannot be interpreted in the same 
manner as those in the papilla because of the 
very rapid blood flow in this area(8). The 
large Vp/V; ratios do, however, indicate per- 
meability of the cortical capillaries to the 
Rb*® ion. 

In the 3 dogs in which Na??* was used, the 
findings are similar to that found with Rb%* 
and indicate that the Na?? ion was also ef- 
fectively excluded from the papilla. 

These results, plus the anatomic arrange- 
ment of the medullary vessels, demonstrate 
that countercurrent exchange can occur in 


TABLE IT. Ratio of ‘‘ Apparent Volume of Distri- 
bution of Na”Cl and I'™ Albumin (Vya/Vr) in the 
Kidney in 15 Seconds. 


Inner medulla 


Kidney No. (papilla) Cortex 
7 RB 82 1.80 
L att 2.14 
8 R 43 1.64 
L .67 2.80 
9 R 54 1.9 
Mean + S.D. .64 + .16 2.05 + .45 
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the vascular bundles. There is a marked 
similarity, as also demonstrated by the elec- 
tron microscope, between vascular structure 
and arrangement in the medulla to that in 
the swim bladder of certain deep sea fish(9, 
10). In the latter, countercurrent diffusion 
exchange of gases, primarily oxygen does 
take place(11). 

The findings of solute and osmolal gradi- 
ents in the papilla, and especially the high 
concentrations in the vasa recta, as shown 
by the micropuncture studies of Wirz(5) and 
confirmed by Gottschalk(6) have been ex- 
plained by countercurrent diffusion exchange 
in these vessels. Recent micropuncture stud- 
ies by Thurau, Sugiura, and Lilienfield(12) 
have demonstrated albumin concentrations 
in the vasa recta at the tip of papillary loop 
nearly 3 times greater than those in the 
straight vessels at the base of the papilla. 
These results are interpreted to indicate a 
proximal water shunt by countercurrent dif- 
fusion. White, Tosteson and_ Rolf(13) 
showed that THO was incorporated more 
slowly into the inner medulla than Na?**, 
again indicating a proximal water shunt in 
the vascular bundle. Lassen and Longley 
working with rats have shown that Kr®, 
Na?*+ and I'*! iodoantipyrine were effectively 
excluded from the papilla as compared to the 
cortex(14). Furthermore, the efficiency of 
exclusion seemed to be proportional to the 
expected diffusibilities of these substances, 
i.e., the more rapidly diffusible were more 
effectively excluded from the papilla. 

Summary. The accumulations of Rb** 
and [/*! albumin were compared in the cor- 
tex, outer medulla and papilla of 6 hydro- 
penic anesthetized mongrel dogs. Only one- 
half as much rubidium as albumin appeared 
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in the papilla in 20 seconds of perfusion, 
while almost twice as much appeared in the 
outer medulla and 5 times as much in the cor- 
tex. In 3 hydropenic dogs perfused with 
Na*Cl and “I7** “albumin the Na?2* was 
similarly excluded from the papilla. These 
data suggest that the vasa recta do indeed 
function as countercurrent exchangers to 
maintain the high renal medullary solute con- 
centrations and gradient, necessary to con- 
serve body water. 


The authors gratefully acknowledge the technical 
assistance of Mrs. Jean B. Young and Mr. Thomas 
F. Doyle. 
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A serumless medium for the growth of 
mammalian cell cultures has been described 
(1). A critical constituent and the only un- 
defined component of this medium was lac- 
talysate, a commercial enzymic digest of lac- 
talbumin. In further studies, requirements 
of avian cell cultures for serum and embryo 
extract were partially replaced by compon- 
ents of the serumless medium. A specific 
function performed by lactalysate and by 
embryo extract was the counteraction of a 
toxicity of serum for the avian cells(2). 

The present communication describes the 
effectiveness of iron and iron-bearing ma- 
terials in replacement of lactalysate and em- 
bryo extract requirements for growth of cell 
cultures and for overcoming a serum toxicity. 

Materials and methods. Procedures have 
been described previously(1,2,3). In the 
present studies, 5000 Walker carcinosarcoma 
256 cells from stock cultures or 60 to 80,000 
white Leghorn chick embryo (14 day) lung 
cells prepared by trypsinization were estab- 
lished (plated) overnight in 1 ml of medium 
in 15 & 125 mm roller tubes placed in an in- 
clined position in racks. Incubation was at 
37°C in an atmosphere of 92% air—8% car- 
bon dioxide. After 16 to 24 hours, the me- 
dium was withdrawn from the tubes which 
were then rinsed with Earle’s solution. One 
ml of test basal medium containing gradu- 
ated quantities of test substances at 6 to 9 
levels was pipetted into duplicate tubes. Re- 
peated experiments confirmed the results in 
all cases. Incubation was continued for 3 or 
4 days. The cultures were examined micro- 
scopically and growth was measured by pro- 
tein determination according to the procedure 
of Oyama and Eagle(4). 

The medium used to establish Walker tu- 
mor cells contained 0.2 mM pyruvate, 10 


* This work was conducted under contract with 
the Cancer Chemotherapy Nat. Service Center, Nat. 
Cancer Inst., N.I.H., U. S. Public Health Service, 


pg adenosine per ml, 5% bovine serum and 
amino acids, vitamins, glucose, minerals, an- 
tibiotics and phenol red in the quantities spe- 
cified for serumless medium(1). This me- 
dium, supplemented with 5% embryo ex- 
tract, was used to establish chick embryo cul- 
tures. 

The test basal medium for Walker carcino- 
sarcoma 256 cells was the serumless medium 
described previously(1) with omission of 
mucic acid and lactalysate and with replace- 
ment of Tween 80 by Tween 20. The latter 
material has been found in this laboratory to 
be less toxic than Tween 80 for cell cultures 
(5). Methyl oleate was decreased to 10 pg/ 
ml. This test basal medium, modified to 
contain 5 »g methyl oleate and 5 yg insulin 
per ml, was utilized for studies of avian cul- 
tures. 

Transferrint was prepared by modification 
of the procedure of Surgenor et al.(6) from 
pooled human plasma. Bovine hemoglobin 
(2 X recrystallized) and horse heart cyto- 
chrome C (type III) were obtained from 
Sigma Chemical Co., St. Louis, Mo. Horse 
heart myoglobin and horse spleen ferritin 
were obtained from Pentex Incorporated, 
Kankakee, III. 

Lactalysate was Edamin DR, an enzymatic 
digest of lactalbumin supplied by the Shef- 
field Chemical Co., Norwich, Conn. 

The relatively non-dialyzable portion of 
lactalysate (lactalysate residue) was pre- 
pared by dialysis overnight against running 
tap water followed by dialysis for 24 hours 
against several changes of an excess of de- 
mineralized water. The lactalysate residue 
was freeze-dried. Hydrolysates of lactaly- 
sate residue were prepared by autoclaving 
100 mg in 5 ml 6 N HCl in sealed tubes for 
16 hours at 15 lb pressure. The HCl was re- 
moved by flash evaporation. The hydroly- 


t Kindly supplied by Dr. B. F. Sanders, Merck, 
Sharp and Dohme, West Point, Pa. 


TABLE I. Growth Response of Walker Carcinosareoma 256 Cells to Lactalysate, Lactalysate Residue, Hydrolyzed Residue, Ash.and Ferrie Nitrate. 


Lactalysate residue ash ems 


Lactalysate ash 


” 


laetalysate residue 


Hydrolyzed 


Lactalysate 


Lactalysate residue 


ug cell pro- 
tein/tube 


ug/ml 


pg cell pro- 
tein/tube 


pg/mlt 


pg cell pro- 
tein/tube 


ug/ml* 


ug cell pro- 
tein/tube 


ug/ml 


tein/tube 


ug cell pro- 


pg/ml 


pg cell pro- 
tein/tube 


ug/ml 


0 


600 


32 


1D 


26 


40 


10 
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64 
59 
ii 


0 


3) 
50 
100 


6 


100 


Growth period was 72 hr. 


Inoculum was 5000 cells/ml. 


* Equivalent of lactalysate. 


¢ Equivalent to a concentration of 0.001 mM ferric nitrate. 


+ Equivalent of lactalysate residue. 


.7 wg cell protein/tube. 


Individual data points represent means of 2 tubes. Avg stand. dev. per single point was estimated to be + 5.2 wg cell protein/tube. Avg stand. error 


of individual means was estimated to be + 3 
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sate was taken up in ethanol and again flash 
evaporated. An aqueous solution of the hy- 
drolysate then was decolorized with Darco 
charcoal, grade S-51. 

Iron determination was by the procedure 
oi Gubler) ef al.(7)- 

Results. The comparative stimulatory ef- 
fects on growth of Walker carcinosarcoma 
256 cells by lactalysate, lactalysate residue, 
lactalysate residue hydrolysate, ash prepara- 
tions and ferric nitrate are shown in Table I. 
It is apparent that the growth-promoting ef- 
fect of lactalysate was concentrated in the 
non-dialyzable residue which comprised 
about 8% of the original material. The 
dialysate was inactive. The activity of the 
lactalysate residue persisted after drastic hy- 
drolysis. The ash of both lactalysate and 
lactalysate residue contained slight activity, 
but excessive inactive salts present might 
have interfered with the bioassays. A num- 
ber of trace elements were tested for activity, 
and iron as ferric nitrate was found to stimu- 
late growth markedly. The iron content of 
lactalysate and lactalysate residue were de- 
termined to be 0.011% and 0.091% respec- 
tively, which was sufficient to account for ac- 
tivity on the basis of iron content. Salts of 
manganese, zinc, copper, and cobalt, as well 
as sodium nitrate, were inactive either alone 
or in combination over a wide range of con- 
centrations. 

The growth response of Walker carcino- 
sarcoma 256 to lactalysate, transferrin, and 
several iron-containing proteins and com- 
pounds is shown in Table II. Minute quan- 
tities of transferrin, hemoglobin, myoglobin 
and hemin stimulated growth. Inhibition was 
produced at higher levels. Substantially 
greater concentrations of cytochrome C were 
required for stimulation. In further inves- 
tigation, sodium iron versenate stimulated at 
1-5 pg/ml. Ferrocyanide, ‘ferricyanide, cata- 
lase, and ferritin were inactive. 

Lactalysate, lactalysate residue, lactalysate 
residue hydrolysate and embryo extract 
earlier were observed to stimulate chick em- 
bryo cell cultures as well as to overcome a 
toxicity of bovine or chicken serum(2). Con- 
tinuation of the present studies demonstrated 
that iron and iron-bearing materials substi- 
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Growth Response of Walker Carcinosarcoma 256 Cells to Various Iron-Bearing Materials. 


TABLE II. 


Bovine hemoglobin Horse myoglobin Horse cytochrome C Hemin 


Human transferrin 


Lactalysate 


ug cell pro 
tein/tube 


ug/ml 


pg cell pro- 
tein/tube 


pg/ml 


pg cell pro- 
tein/tube 


ug/ml 


wg cell pro- 
tein/tube 


ug/ml 


wg cell pro- 
tein/tube 


ug/ml 


tein/tube 


wg cell pro- 


pg/ml 


10 
22 
29 
46 


onan 


10 


0 


0 


22 


malo 


6 


a 


13 


10 


10 


45 
Sil 


32 


10 


59 
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Ino 
rm 


tH oO 


50 
100 
500 


6 


50 
100 
500 


46 
41 


10 
50 


32 


2000 


Inoculum was 5000 cells/ml. Growth period was 72 hr. 


Individual data points represent means of 1 to 3 tubes. Avg stand. dev. per single point was estimated to be + 5.3 yg cell protein/tube. Avg stand. 


error of individual means estimated to be + 3.7 wg cell protein/tube. 


tuted for lactalysate and derivatives and for 
embryo extract in promotion of growth and 
inhibition of the toxic serum effect (Table 
III). Iron, hemoglobin, and myoglobin sup- 
ported growth comparable to that with lac- 
talysate residue (superior to lactalysate for 
avian cultures) or with 5% dialyzed embryo 
extract. Of particular interest was the inef- 
fectiveness of human transferrin. As with 
the Walker tumor cells, 0.5 to 1 ug hemin, 
1-5 pg sodium iron versenate and 500-1000 
pg cytochrome C stimulated, while ferro- 
cyanide, ferricyanide, catalase, and ferritin 
were inactive. These effects were most not- 
able in media containing bovine serum. Ad- 
ditional toxicity perhaps of a different nature 
in chick serum was observable even after ad- 
dition of embryo extract(3) and diminished 
responses to iron-bearing materials in the 
presence of this serum. 

In Fig. 1 is shown the appearance of the 
chick embryo lung cultures in different me- 
dia. Fig. la is the plated inoculum. Growth 
in basal serumless medium (Fig. 1b) is im- 
proved by either lactalysate residue (Fig. 1c) 
or by ferric nitrate (Fig. 1d). Inclusion of 


5% dialyzed bovine serum in the basal me- 
dium results in destruction of the cells (Fig. 


e _ . |p eeealg a 
FIG. 1. Chick embryo lung cultures. 30. Fixed 
with Bouin’s and stained with Giemsa. Inoculum 


was 80,000 cells/ml. Growth period was 4 days. 


(a) Inoculum plated 24 hr. 

(b) Basal medium devoid of lactalysate or iron. 

(c) Basal medium + 250 yg lactalysate residue/ 
wil. 

(d) Basal medium + ferric nitrate at 0.02 mM. 

(e) Basal medium + 5% dialyzed bovine serum. 

(f) Basal medium + 5% dialyzed bovine serum & 
5% dialyzed embryo extract. 

(g) Basal medium + 5% dialyzed bovine serum & 
250 wg lactalysate residue/ml. 

(h) Basal medium + 5% dialyzed bovine serum & 
ferric nitrate at 0.02 mM concentration. 
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TABLE IIT. Growth Response of Chick Embryo Lung Cells to Various Iron-Bearing Materials. 
eee 


Lactalysate Human Bovine Horse 
residue Bet++ transferrin hemoglobin myoglobin 
ug cell pro- ug cell pro- ug cell pro- ug cell pro- ieee 


ug/ml tein/tube ug/ml tein/tube 


ug/ml tein/tube 


ug/ml tein/tube pg/ml tein/tube 


Basal medium without added dialyzed bovine serum 


0 19 0 19 0 19 0 ih 
10 58 .028* 34 I 20 2 ie ° = 
50 72 .056 46 5 iG 10 72 10 68 
100 78 .28 64 10 12 20 ie 20 74 
250 78 56 80 50 14 50 82 50 82 
500 86 1.12 74 100 12 100 94 100 86 
1000 90 2.8 80 500 16 500 108 500 94 

Basal medium with 5% dialyzed bovine serum 

0 30 0 30 0 30 0 30 0 30 
10 94 .028* 36 il 38 2 64 2 80 
50 158 .056 34 5 32 10 78 10 80 
100 166 28 94 10 30 20 124 20 134 
250 184 56 128 50 36 560 146 50 180 
500 190 1.12 158 100 30 100 158 100 172 
1000 170 2.8 158 500 28 500 118 500 160 


Inoculum was 80,000 cells/ml. Growth period was 4 days. 


Growth in basal medium plus 5% 


dialyzed embryo extract — 76 ug cell protein/tube. Growth in basal medium plus 5% dialyzed 
embryo extract plus 5% dialyzed bovine serum = 188 yg cell protein/tube. 

* Equivalent to concentration of 0.0005 mM ferric nitrate. 

Individual data points represent means of 2 tubes. Avg stand. dev. per single point for basal 
media without added dialyzed bovine serum was + 4.1 yg cell protein/tube. Avg stand. error of 
individual means was estimated to be + 2.9 yg cell protein/tube. For basal medium with dial- 
yzed bovine serum, avg deviation was estimated to be + 12.1 yg cell protein/tube. Avg stand. 
error of individual means estimated to be + 3.6 wg cell protein/tube. 


le). This is readily overcome by lactalysate 
residue (Fig. 1g), dialyzed chick embryo ex- 
tract (Fig. 1f), or by ferric nitrate (Fig. 1h). 

Discussion. The stability of a growth-pro- 
moting factor of lactalysate to drastic hy- 
drolytic conditions and detection of activity 
in ashed samples, despite possible interfer- 
ence of excessive salts, suggested that trace 
metals might be stimulatory. Iron and iron- 
bearing compounds, indeed, were found to 
simulate the effects of lactalysate and derived 
products in 2 different culture systems. 
Growth of both Walker carcinosarcoma 256 
cells in serumless medium and chick embryo 
lung in a similar medium with or without 
added serum was stimulated. Furthermore, 
like lactalysate and embryo extract, iron and 
iron-bearing materials specifically overcame 
a toxic effect of serum through which chick 
embryo cells failed to multiply and under- 
went dissolution. The retention of activity 
in the non-dialyzable portion of lactalysate 
and embryo extract indicated that these resi- 
dues bind, stabilize or transport iron; in fact, 
following dialysis, the iron content of lactaly- 


sate residue was increased approximately 8 
to 9-fold and corresponded to an increased 
activity. It is evident that at least one ma- 
jor contribution of lactalysate and dialyzed 
embryo extract to cell growth was related to 
iron requirements. Of course, embryo extract 
and lactalysate may provide amino acids and 
vitamins to cultures in media in which these 
nutrients are not otherwise incorporated. The 
growth of the Walker tumor cells with lac- 
talysate or chick embryo lung cells with lac- 
talysate residue or embryo extract often was 
slightly superior to that obtained with other 
supplements as may be seen from the tables. 
This suggests that the properties of these ma- 
terials serve particularly well the processes 
of iron metabolism or contribute additional 
special nutrients or non-specific factors such 
as buffering capacity. Other functions that 
might be served by lactalysate preparations 
and embryo extract as well as their effects 
on other cell strains and cells in long term 
culture are at present under investigation. 
In earlier work, Morgan, Morton, and 
Parker included iron in their Medium 199 de- 
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signea to prolong survival of chick embryo 
cultures(S). White observed beneficial ef- 
fects on strain “L* mouse fibroblasts in semi- 
synthetic media(9). Waymouth stimulated 
growth of these cells in synthetic media with 
iron(10). Ham found iron to be essential 
for growth of isolated Chinese hamster cells 
in media containing serum albumin and fe- 
tuin(11). The current studies quantitatively 
confirm these findings on mammalian and 
avian cell cultures. Hemoglobin also has 
been observed earlier to stimulate growth of 
cell cultures (12,13,14). 


A marked difference between mammalian 
and avian cells was the incapacity of the lat- 
ter to respond to human transferrin. The 
toxic sera presumably already contained high 
concentrations of transferrin which was not 
utilized by the avian cells or actually was in- 
volved in the toxicity of the serum through 
interference with availability of minute quan- 
tities of iron. 

Summary. Iron salts and iron-bearing ma- 
terials replaced lactalysate in stimulation of 
growth of Walker carcinosarcoma 256 cells 
in serumless medium and replaced lactalysate 
and embryo extract in stimulation of chick 
embryo lung cultures in a similar medium 
with or without further addition of serum. 
Presumptive evidence is presented that a 
stimulatory activity of lactalysate is due to 
iron and iron-bearing materials. A specific 
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function of lactalysate and embryo extract in 
overcoming toxicity of serum for embryo cell 
cultures was served equally well by iron or 
iron-bearing materials. The avian cells re- 
vealed in their incapacity to respond to trans- 
ferrin a characteristic distinguishing them 
from the Walker tumor cells. 


We wish to acknowledge excellent technical assis- 
tance of Miss Joan L. Molowski. 
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Mammary Lobulo-Alveolar Growth Induced by Anterior Pituitary 
Hormones in Adreno-Ovariectomized and Adreno-Ovariectomized- 


Hypophysectomized Rats.*t 


(26783) 


P. K. TALWALKER AND J. MEITES 
Department of Physiology and Pharmacology, Michigan State University, East Lansing 


Studies in ovariectomized-hypophysecto- 
mized or in adreno-ovariectomized-hypophy- 
sectomized rats have indicated that hormones 
from the anterior pituitary and ovaries are 


* Published with approval of Michigan Agr. Exp. 
Station as Journal Article No. 2822. 

+ This was supported in part by NIH grants to J. 
Meites. 


both essential for inducing mammary lobulo- 
alveolar growth(1-3). The adrenals are be- 
lieved to be of secondary importance, al- 
though it is recognized that they secrete sev- 
eral steroids which can influence mammary 
growth(3). Only a small degree of mam- 
mary growth was produced by injecting an- 
terior pituitary extracts into ovariectomized 
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TABLE I. Induction of Mammary Lobulo-Alveolar Growth by Anterior Pituitary Hormones in 
Adreno-Ovariectomized and Adreno-Ovariectomized-Hypophysectomized Rats. 
a a ea 
S88 —————————e 


Group & No. Treatment* 


Mammary rating t 


Avg body wt (¢) 


of animals (3X daily; 10 days) Je ih GURY Np Initial Final Difference 
Adreno-cevariectomized rats 
1 (9) .l ml saline 2 6 —= 222 220 + 3 
Ai) 2mg STH —— 2 5 — — 217 260 +43 
3 (7) 30 I.U. prol. —- — 4 3 — 208 222 +14 
4 (7) 1.33mgSTH+201.U.prol — — — 1 6 220 261 +41 
Dm 0) 20) me ACP —. — 2 5 3 224 244 +20 
Adreno-ovariectomized-hypophysectomized rats 
6 (9) .1 ml saline 6 3 —- —_—_- — 211 212 + 1 
Y {C3 133mg STH+201.U.prok — — 4 5 — 182 225 +43 


* STH — Growth hormone; prol. = prolactin; A.P. = anterior pituitary powder. 


+t See text for mammary rating system. 


or adreno-ovariectomized rats(4). Recently, 
Clifton and Furth(5) observed complete lob- 
ulo-alveolar development in adreno-gonadec- 
tomized male rats of the Fischer strain after 
implanting ‘‘“mammotropic” pituitary tumors 
intramuscularly. No data were given as to 
completeness of adrenalectomy in these rats. 
Since these pituitary tumors apparently se- 
crete both STH and prolactin(5), it was of 
interest to determine whether frequent in- 
jections of large doses of these 2 hormones 
or of whole anterior pituitary powder could 
induce lobulo-alveolar mammary growth in 
adreno-ovariectomized or adreno-ovariecto- 
mized-hypophysectomized rats. 


Methods. Mature virgin female Carworth 
rats of the CFN strain, weighing 180-240 g 
each, were used in this study. Rats in Groups 
1-5 (Table I) were adreno-ovariectomized 
(doubly operated) while rats in Groups 6 
and 7 were hypophysectomized by the para- 
pharyngeal approach and 3 days later were 
adreno-ovariectomized (triply operated). 
Following each operation, the rats were in- 
jected once subcutaneously with 30,000 units 
of penicillin G. Completeness of adrenalec- 
tomy was assessed in 2 ways: (a) after kill- 
ing the rats at end of experiment, they were 
carefully examined with a magnifying lens 
for adrenal remnants; and (b) 17 rats of the 
same strain, age and weight were adreno- 
ovariectomized and supplied with tap water 
instead of 1% saline. Death occurred in 16 
rats on the following days after surgery: one 
rat on day 7, 2 on day 9, one on day 10, 3 on 
day 11, 3 on day 12, 2 on day 13, and one 


each on days 14, 15, 17 and 19. The re- 
maining rat was killed on day 24, and one 
adrenal was found which had not been com- 
pletely removed. The sella turcica of all hy- 
pophysectomized rats was examined for pitui- 
tary fragments at end of experiment. Only 
rats with complete pituitary removal are in- 
cluded in the results. 

Twenty-four hours after adreno-ovariec- 
tomy, all rats were treated for 10 days as 
shown in Table I. Hormones were injected 
thrice daily at intervals of approximately 6 
hours between 9 A. M. and 9 P. M. Bovine 
STH} and ovine prolactin} were dissolved in 
distilled water and anterior pituitary pow- 
der’ was suspended in physiological saline. 
All rats were fed ad libitum on Wayne Lab- 
Blox pellets supplemented with canned Ar- 
mour’s Dash dog food, and were given 1% 
saline to drink. Slices of oranges and 5% 
glucose in drinking water were made avail- 
able to all hypophysectomized rats. Body 
weights of all rats were recorded at begin- 
ning and end of each treatment. 

The rats were killed on the day following 
last injection, and both inguinal mammary 
pads were dissected free, spread flat on cork 
and fixed in Bouin’s fluid. One mammary 
pad from each animal was stained by a stand- 
ard procedure(6), and rated for development 
according to the following scale: 

I = Few ducts; few or no end buds 

II = Moderate duct growth; moderate 


¢ Donated by Endocrinology Study section, NIH. 
§ Supplied through courtesy of Dr. J. D. Fisher, 
Armour Pharmaceutical Co., Kankakee, IIL. 


af ok = Ro all 
FIG. 1-6: Photographs of whole mounts of mam- 
mary glands from rats treated 3x daily for 10 


days. xX 7.5. 
Fig. 1-4: Adreno-ovariectomized rats. 
FIG. 1. 0.1 ml saline. Moderate duet develop- 


ment and few end buds. 

FIG. 2. 2 mg STH. Extensive duct growth with 
many end buds. 

PIG. 38. 30 LU. prolactin. Moderate duet growth 
with many end buds. 

FIG. 4. 1.83 mg STH and 20 L.U. prolactin. Ex- 
tensive duct and dense lobulo-alveolar development. 


Fig. 5-6: Adreno-ovarieetomized-hypo- 
physectomized rats. 
FIG. 5. Few ducts with little 
branching. 
FIG. 6. 1.33 mg STH and 20 I.U. prolactin, Ex- 
tensive duct and lobulo-alveolar development. 


0.1 ml saline. 


number of end buds 

IIl = Numerous 
many end buds 

IV = Numerous ducts and branches; mod- 
erate lobulo-alveolar (L-A) growth 

VY = Numerous ducts and branches with 


ducts and _ branches; 
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dense L-A growth, as in mid or late preg- 
nancy. 

Results. The data are summarized in Table 
I. In doubly operated rats, mammary glands 
from saline treated controls (Group 1) con- 
sisted of moderately developed ducts with 
few end buds (Fig. 1). Treatment with STH 
(Group 2) induced extensive duct growth 
with many branches and end buds but no 
L-A growth (Fig. 2). Prolactin (Group 3) 
also induced duct growth with many branches 
and end buds (Fig. 3), and 3 out of 7 rats 
showed limited L-A development. Combined 
treatment with STH and prolactin (Group 4) 
induced extensive duct growth and dense L-A 
development comparable to that seen in rats 
after mid or in late pregnancy (Fig. 4). 
Mammary growth produced by anterior pitui- 
tary powder (Group 5) did not equal that 
produced by combined STH and prolactin 
treatment, but most rats showed moderate 
L-A development. In triply operated rats, 
mammary glands from control animals 
(Group 6) consisted essentially of small ducts 
with little branching and few or no end buds 
(Fig. 5). Combined treatment with STH 
and prolactin (Group 7) produced extensive 
duct growth and branching and moderate L- 
A development (Fig. 6). 


Doubly or triply operated controls gained 
very little in average body weight during 
treatment, while rats given STH or STH and 
prolactin gained an average of 41-43 g each. 
Prolactin and anterior pituitary powder pro- 
duced average body weight gains of 14 g 
and 20 g, respectively. 

Discussion. In previous studies with triply 
operated rats, administrations of estrogen 
and progesterone or adrenal corticoids were 
needed in addition to STH and prolactin to 
induce lobulo-alveolar (L-A)  growth(2). 
The results of the present experiment show 
that in doubly or triply operated rats com- 
bined treatment with bovine STH and ovine 
prolactin, or bovine anterior pituitary pow- 
der alone, can induce L-A development. Our 
results are therefore in agreement with those 
of Clifton and Furth($) who found good L-A 
development in adreno-gonadectomized male 
rats implanted with ‘“mammotropic”  pitui- 
tary tumors. The procedures used here are 
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believed to account to a large degree for the 
present findings. Thus, prolactin and STH 
or whole anterior pituitary powder were in- 
jected thrice instead of only once daily; in- 
jections were begun the day after surgery; 
and relatively large doses of these hormones 
were used. Also, our rats were mature fe- 
males, 3 to 4 months old, whereas Lyons et 
al.(2) employed mainly young rats. 

Ovariectomy and adrenalectomy appeared 
to be complete in these rats. The 16 adrenal- 
ectomized rats not given saline died within 
19 days. Since injections were begun 24 
hours after removing the ovaries and adren- 
als, the possibility cannot be completely ex- 
cluded that small amounts of steroid hor- 
mones may have been present during the first 
few days of treatment. It is doubtful how- 
ever, that this would have been sufficient to 
synergize with the anterior pituitary hor- 
mones to induce full L-A growth. Clifton 
and Furth(5) implanted pituitary tumors in 
rats 4 to 16 days after adreno-gonadectomy 
and still obtained good L-A development. 

The present results cannot be interpreted 
to mean that ovarian and adrenal cortical 
hormones have no role in normal mammary 
development in rats. Estrogen and proges- 
terone have been shown to induce full mam- 
mary growth in intact or ovariectomized rats 
(1) and to synergize with prolactin and STH 
in triply operated rats(2). However, the an- 
terior pituitary appears to be of primary im- 
portance in mammary growth in the rat, 
since anterior pituitary hormones alone in- 
duced full mammary development in the ab- 
sence of ovaries and adrenals, whereas ovar- 
ian or adrenal cortical steroids have little or 
no effect on mammary growth in the absence 
of the anterior pituitary(1-3). 

Summary. 1. Mature virgin female Car- 
worth rats of the CFN strain were adreno- 
ovariectomized and were then injected thrice 
daily for 10 days with saline, 2 mg bovine 
STH, 30 I.U. ovine prolactin, 20 mg bovine 
anterior pituitary powder, or with a combi- 
nation of 1.33 mg bovine STH and 20 I.U. 
ovine prolactin. Treatment with STH and 
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prolactin together or with anterior pituitary 
powder induced moderate to extensive mam- 
mary duct and lobulo-alveolar growth, while 
treatment with prolactin and STH alone in- 
duced mainly duct and end bud development. 
2. Two groups of rats were hypophysecto- 
mized and 3 days later were adreno-ovariec- 
tomized. They were then injected thrice 
daily for 10 days with saline or with a combi- 
nation of 1.33 mg STH and 20 I.U. prolactin 
for 10 days. The latter treatment induced 
extensive duct and moderate lobulo-alveolar 
growth. Completeness of ovariectomy, 
adrenalectomy and hypophysectomy was 
checked in all rats upon autopsy. Sixteen 
additional adreno-ovariectomized rats which 
were given tap water failed to survive more 
than 19 days. 3. It is concluded that under 
conditions of this experiment, full mammary 
duct and lobulo-alveolar growth was induced 
by combined treatment with bovine STH and 
ovine prolactin in the absence of ovaries and 
adrenals. 


Addendum. Histological examination of stained 
mammary sections from adreno-ovariectomized rats 
treated with prolactin and STH failed to reveal any 
secretory activity. 


The authors are indebted to Mr. T. F. Hopkins for 
performing the hypophysectomies and to Mr. C. S. 
Nicoll for the photographs. 
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Humoral Regulation of Erythropoiesis VII. Shortened Survival of 
Erythrocytes Produced by Erythropoietine or Severe Anemia. (26784) 


FREDERICK STOHLMAN, JR. 


(Introduced by George Brecher) 


National Institute of Arthritis and Metabolic Diseases, Nat. Inst. of Health, Public Health Service, 
U. S. Department of H.E.W., Bethesda, Md. 


After severe blood loss or destruction of 
the entire red cell mass with phenylhydra- 
zine, the hemoglobin in the rat will return to 
pretreatment levels within 10-15 days. 
Thereafter there is continued production at 
about normal levels as estimated by reticulo- 
cyte counts and iron incorporation studies. 
At this time in the phenylhydrazine treated 
rat there are no cells older than 15 days so 
that there is no senescent loss; senescent loss 
must also be strikingly reduced in the bled 
animals. Polycythemia, however, does not 
ensue. These observations suggest that the 
mean life span of red cells formed in response 
to severe anemia is shortened. A shortened 
life span of red cells produced in response 
to acute blood loss has been reported by Ber- 
lin and Lotz(1). 


Erythropoietine is believed to be the stim- 
ulus for increased red cell production in 
both bled and phenylhydrazine treated ani- 
mals. It therefore seemed likely that cells 
produced in response to erythropoietine 
would also have a shortened red cell survival. 
Data to document this hypothesis are pre- 
sented here. 

Materials and methods. Female Sprague- 
Dawley rats were used throughout; test ani- 
mals weighed 135-160 g at beginning of the 
experiment; donor rats weighed 200 ¢ or 
more. Phenylhydrazine was given in doses of 
4 mg/100 g on days 0, 1 and 3. In the ex- 
periments on acute blood loss, rats were bled 
by cardiac puncture 1.5% of body weight on 
days 0 and 1. The animals receiving eryth- 
ropoietine were transfused with packed red 
cells obtained from heparinized normal blood 
4 days prior to the first injection of erythro- 
poietine; each animal was given a volume of 
red cells equivalent to 1.65% of body weight. 
In the first experiment 5 subcutaneous injec- 
tions of 0.5 cc of erythropoietine containing 
~ 10 C.S.(2) units were given at 12 hour in- 
tervals. In a second experiment 0.5 cc of 


erythropoietine containing ~ 10 C.S. units 
was given subcutaneously on 3 occasions 24 
hours apart. Erythropoietine was obtained 
by alcoholic extraction of urine from a pa- 
tient with congenital hypoplastic anemia. 

Measurement of survival. Plasma bound 
Fe®® was injected intravenously as previously 
described(3); 3 hours and at daily intervals 
thereafter 5 mg of non-radioactive iron (Im- 
feron) was given intramuscularly to mini- 
mize reutilization of Fe°*’. Fifty treated and 
50 control animals were randomized for each 
experiment. Five animals were used to de- 
termine each point. Twenty minutes prior 
to exsanguination washed Cr°! tagged nor- 
mal cells were injected intravenously for 
blood volume determination(3).  Fe°? and 
Cr°t counts were separated with a single 
channel spectrometer. Total red cell Fe? 
activity was determined(3) and expressed as 
the per cent of injected dose. These values 
were plotted against time and per cent sur- 
vival was determined using the peak Fe°® in- 
corporation value as the 100% value. Red 
cell counts were done electronically (4); he- 
matocrits were measured by Strumia’s meth- 
od(5) and reticulocytes were counted by 
Brecher’s method(6). 

Results. 1. Phenylhydrazine. Radioiron 
was given 2 days after the last injection of 
phenylhydrazine. At that time the reticulo- 
cyte count was ~ 75%, the peak reticulocy- 
tosis of 90-100% occurring on the 6th-7th 
day. The hematocrit was ~ 20, with a mean 
corpuscular volume (MCV) of 100 »® (nor- 
mal ~ 55 »®). The survival of the cells 
tagged at this time was clearly shortened 
(Fig. 1). In a second experiment, Fe®* was 
injected on the 10th day when the hematocrit 
was ~ 40 and the reticulocytes ~ 3.0%. 
Degree of shortening of red cell survival was 
less than when cells were labeled on the 5th 
day; for example on the 20th day after Fe? 
there was ~ 80% survival compared with 
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FIG. 1. Survival of red cells produced in re- 


sponse to phenylhydrazine induced anemia. Radio- 
iron was given 5 days after first inj. of phenylhy- 


drazine. 


FIG. 2. Survival of red cells produced in re- 


sponse to acute bleeding. 


~ 60% survival in the group given Fe*® on 
the Sth day after phenylhydrazine and ~ 
90% in the control group. 

2. Bled Animals. The animals were in- 
jected with Fe°® 48 hours after the initial] 
bleeding. At this time the hematocrit was 
~ 25, the MCV ~ 61 »° and reticulocytes 
~ 10%. The following day the reticulocytes 
were ~ 14%; peak reticulocytosis of ~ 21% 
was reached on the 6th day after bleeding. 
The period of survival of the red cells pro- 
duced in response to this severe blood loss 
was also shortened (Fig. 2). 


3. Erythropoietine Treated Group. At 
time of injection of erythropoietine the hema- 
tocrit of recipient animals was ~ 55 (normal 
40-44) and reticulocytes 0.1-0.2% (normal 
1-3%). Five injections of erythropoietine 
produced a reticulocytosis of 10-12% on the 
4th day, an increase in hematocrit to ~ 60 
and in the MCV to ~ 61 »?. After erythro- 
poietine was stopped, reticulocyte values re- 
turned to 0.1-0.2%. Thereafter the hema- 
tocrit and blood volume slowly decreased 
until they returned to normal at ~ the 28th 
day, when the reticulocyte count was normal. 
Radioiron was given 12 hours after the last 
injection of erythropoietine. The survival of 
cells tagged at this time was significantly 
shortened (Fig. 3). In another experiment 
3 injections of erythropoietine were given at 
24 hour intervals and Fe? was given 24 
hours after the last injection of erythropoie- 
tine. There was a reticulocytosis of ~ 4% 
associated with a borderline shortening of red 
cell life span. 

Discussion. There was a shortened life 
span of red cells formed in response to severe 
anemia, whether due to phenylhydrazine or 
blood loss. A similar effect was demonstrated 
with erythropoietine, which is known to be in 
part responsible for the increased red cell 
production in severe anemia. The use of hy- 
pertransfused animals, which reduced normal 
production to a minimum, permitted us to 
study primarily the life span of cells pro- 
duced in response to erythropoietine. Values 
for the control animals were comparable to 


FIG. 3. Survival of red cells produced in re- 
spouse to erythropoietine, 
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those observed by Berlin and Lotz with C1 
glycine(1) and Harriss and Belcher with Fe®? 
followed by Imferon(7). There was a vari- 
able degree of random destruction between 
experiments in control groups but the curves 
for the experimental groups shown in Fig. 1-3 
were well outside the normal range observed 
in these and 5 other experiments in our lab- 
oratory. 

Van Dyke and Berlin(8) have previously 
published data which led them to conclude 
that cells produced in response to erythro- 
poietine had a normal life span. The appar- 
ent discrepancy between their conclusions 
and ours might be explained by a dose ef- 
fect. However, their data are not inconsis- 
tent with ours. They induced polycythemia 
by administration of erythropoietine over a 
10 day period, hematocrits rising from 40 to 
55. Midway in the period of treatment, C1 
labeled glycine was given, and specific activ- 
ity of heme determined thereafter. Specific 
activity reached a maximum by the 10th 
day and thereafter remained constant for 
the next several weeks. This led them to 
conclude that the life span of the cells was 
normal. In fact after erythropoietine was dis- 
continued, red cell production should have 
stopped due to the induced polycythemia. 
At this point the labeled cells produced in re- 
sponse to erythropoietine would have been 
0-10 days old. Senescent loss of older cells 
formed prior to administration of erythro- 
poietine should have continued. Due to the 
polycythemia-induced suppression of eryth- 
ropoiesis, these cells would not be replaced. 
If the survival of labeled cells was normal, 
the loss of cells with wnlabeled heme without 
teplacement would result in a constant in- 
crease in the proportion of labeled cells and 
hence an increase in the specific activity of 
heme. When erythropoiesis is suppressed the 
specific activity of heme can remain constant 
only when loss of labeled cells is equal to loss 
of unlabeled cells. This must have occurred 
in the studies reported by Van Dyke and 
Berlin and implies a shortening of the life 
span of cells formed in response to erythro- 
poietine. 

Erythropoietine acts primarily through dif- 
ferentiation of stem cells into the erythroid 
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compartment(9,10). After large doses of 
erythroypoietine, the magnitude and rapidity 
of the response suggest that the differenti- 
ated cells either skip divisions or that genera- 
tion times are shortened(11). In either event 
the result is the release of a “younger” reti- 
culocyte which is much larger than the nor- 
mal reticulocyte(12,13). In the phenylhy- 
drazine treated animals, for example, MCV 
was 100 p»° in contrast to the normal of 55 ,?. 
In the bled and erythropoietine treated 
groups the shift in MCV was less marked 
but normal cells were still present in these 
animals. To shift the MCV from 55 yp? to 
61 yw? by introducing a population of macro- 
cvytes amounting to 10% of the total popu- 
lation requires that these macrocytes have an 
average MCV approaching 100 3. Size dis- 
tribution studies bear out the increased size 
of these newly formed cells(12). It may be 
that these macrocytes have a shortened cell 
survival due to their size and shape much as 
do spherocytes in hereditary spherocytosis. 
The rapid rate of formation of cells may also 
lead to other defects which affect life span. 

It is not possible to state whether produc- 
tion of the large cells is a dose-dependent 
phenomenon. The dose relationship is being 
investigated. If erythropoietine invariably 
results in production of large cells, this 
strongly supports our argument that erythro- 
poiesis is not under a single control. Though 
data presented on the effect of high doses of 
erythropoietine do not offer conclusive proof 
they are in agreement with the hypothesis 
that red cell production is regulated by more 
than one mechanism, erythropoietine being 
a panic mechanism(14). 

Summary. Red cells formed in response to 
erythropoietine or severe anemia have a sub- 
stantially shortened life span. The possibil- 
ity is proposed that this is related to the mac- 
rocytic character of the cells. The results 
are in agreement with the hypothesis that 
erythropoietine is not the sole regulator of 
red cell production. 
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It is generally accepted that reticulocytes 
are larger than mature red cells(1). The 
manner in which the oversized reticulocyte 
matures into a red cell of normal size has not 
been defined. Recently, Stohlman found that 
red cells produced during recovery from se- 
vere phenylhydrazine anemia have a mark- 
edly shortened life span(2). The mean cor- 
puscular volume of the reticulocytes so pro- 
duced was nearly twice that of normal ma- 
ture red cells. The results suggested that 
these macrocytic cells are replaced by cells 
of more normal size. This thesis was con- 
firmed in the present studies by measuring 
the distribution of cell sizes; the results in- 
dicate that a correlation exists between 
rapidity of red cell regeneration and size of 
reticulocytes. 

Methods. Groups of female Sprague- 
Dawley rats weighing 140-160 g were in- 
jected s.c. with either 0.1 or 0.3 ml of a 2% 
solution of phenylhydrazine hydrochloride 
(PHH) in distilled water on days 0, 1, and 
3 of the experiment. A third group served as 
controls. In one experiment, one group of 
animals was injected with 0.3 ml PHH on 
days 0, 1, and 3, then given 650 r whole body 
irradiation on day 4. Rats were exsangui- 


nated by cardiac puncture at various inter- 
vals following last injection. 

Mean corpuscular volumes (MCV) were 
determined from hematocrits measured by a 
micro method and red cell counts measured 
with the Coulter Counter(3). Red cell size 
distribution curves were obtained with a 
Coulter Counter Model B supplied with an 
automatic graphout. The Model B is a 
modification of the basic Coulter instrument 
which generates impulses proportional to cell 
volume as individual red cells pass through a 
50 micra aperture. An electronic gating de- 
vice of the Model B* permits discrimination 
of impulses of different magnitude, corre- 
sponding to different cell volumes. The 
graphout automatically records their fre- 
quency distribution. In the resulting graphs, 
the ordinate represents relative frequencies. 
The linear scale of the abscissa corresponds 
to the amplitude of the electronic impulses. 
The proportionality factor between ampli- 
tude of impulses and cell volume can be de- 
termined by appropriate calibration and units 
on the abscissa converted to »?. This has 
been done in Fig. 1. The peaks or modal 
values of distribution curves are, as a rule, 

* Available from Coulter Electronics, Inc., Chicago, 
il. 
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FIG. 1. Size distribution of cells produced in re- 

sponse to phenylhydrazine (PHH) anemia in con- 

trols (A) and irradiated rats (B). Days counted 

from day after last inj. of PHH. Ali measure- 

ments were made on red cell suspensions adjusted 

to approximately 200,000 cells/ml. Changes in am- 
mals’ hematocrits are given in text. 


lower than MCV’s due to skewing of the 
curves to the right. MCV’s can be computed 
from the graphs and agree within 4% with 
MCV's computed as ratio of hematocrit to 
rbe count. Detailed data on calibration and 
reproducibility will be published elsewhere. 
For counting, red cells were suspended in a 
mixture of 9 parts of the electrolyte and glu- 
cose mixture used in Eagle’s tissue culture 
medium and 1 part of distilled water. Size 
distribution curves were the same in this 
solution as in plasma. 
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Partial separation of reticulocytes and ma- 
ture cells was obtained by centrifugation. 
Two technics were used. In the first, whole 
versenated blood was spun, the plasma re- 
moved, the cells washed twice in cold Eagle’s 
solution and recentrifuged in a Wintrobe he- 
matocrit tube. The top and bottom layers 
were then sampled with a Wintrobe pipette. 
In the second method, whole blood was cen- 
trifuged in a 75 mm microhematocrit tube. 
Top and bottom layers were sampled by a 
smaller capillary to which plastic tubing was 
attached for suction, or by breaking the cap- 
illary at desired points after marking it with 
a file. Since only 2 lambda are needed for 
red cell sizing and similarly small amounts 
for reticulocyte counts, it was possible to ob- 
tain both from a narrow segment of the top — 
and bottom layer respectively. Greater speed 
and better separation are achieved with the 
microhematocrit than with the Wintrobe 
tube. However the latter method was man- 
datory when additional measurements, such 
as MCHC, were desired. 

Results. In rats given 3 doses of 0.3 ml 
of phenylhydrazine (PHH), the hematocrit 
was 26% on the day after last injection, 37% 
on the 3rd day and returned to a normal 
value of 42% by the Sth day after last injec- 
tion. Reticulocytes were 40-55% on the 2nd 
day and 90-95% on the 3rd day. Two days 
after the last PHH injection, the erythrocytes 
were composed of 2 distinct cell populations 
(Fig. 1, A): cells of normal size with a 
modal value of 45 »°, and cells of more than 
twice normal size, the modal value being 122 
uw. The normal sized cells were rapidly 
eliminated as may be seen by the marked re- 
duction in the cohort of cells with a modal 
value of 45 »® on the 3rd day after last PHH 
injection. Thereafter only the larger cells 
were present, but the distribution curve 
shifted rapidly toward normal. Modal val- 
ues were 93 »® on the 3rd day, 57 on the 5th 
day and 51 on the 11th day after PHH in- 
jection. Theoretically, the shift in modal 
value could be due to shrinkage of cells, se- 
lective destruction of larger cells, or produc- 
tion of smaller cells. Shrinkage of the red 
cells could be eliminated on the basis of 
measurements of mean corpuscular hemo- 
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TABLE I. Modal Values of Red Cell Size Distributions after Different Doses of PHH. 
a ene ee eee ee en 
= — — — — ———————EEE——EE———————— 


Peaks of size distri- 


bution, y* 


——— Reticulocytes, % ——, 


Days after Total dose, Whole 
iewsl 2% PHH, ml Top Bottom Top Bottom blood 
1 oo 63, 98 45 99 6 45 
4 a 75, 8€ 86 94 87 93 
BY ag 57,75 75 71 D7 64 
8 a 57 69 15 4 9 
15 ag a1 75 a 0) ] 

1 4 45, 69 45 93 5 15 
4 a) 69 45, 69 83 20 53 
5 5) 69 63 66 28 40) 
8 3 D1 69 4] ] 9 
15 3) 51 69 7 0 2 
= = 45 45 9 ] 2 


globin concentration (MCHC) and MCV. 
On the 3rd day after last PHH injection, 
when 90-95% of cells were reticulocytes, 
MCV was 100-110 »? (normal ~ 55 3) and 
MCHC was 27-30% (normal 34-36%). 
Shrinkage of the oversized reticulocytes to 
normal sized adult red cells would have re- 
sulted in an MCHC of 49-60%. No values 
over 36% were observed. 

To determine to what extent production 
of smaller cells can account for the shift in 
cell size distribution, a number of animals 
were irradiated on the day after last PHH 
injection. Erythropoiesis was markedly sup- 
pressed. The hematocrit dropped from a 
normal of 40 to 45% to 17% on the 3rd day 
after last PHH injection and stayed approxi- 
mately at this level until the 11th day. Cell 
size distribution in this group of animals 
(Fig. 1, B) was at first indistinguishable 
from that of the non-irradiated rats. The 
distribution curve again showed 2 popula- 
tions with normal modal values of 45 and 116 
p® on the 2nd day after last PHH injection. 
The normal sized cells corresponding to the 
lower modal value virtually disappeared by 
the 3rd day. Subsequently, however, the 
modal value of the larger cells changed only 
slowly in the irradiated rats. It was 92 p?3 
on the 5th day and 80 »® on the 8th day, 
where it remained until termination of the 
experiment 11 days after last PHH injection. 
Control animals irradiated without prior 
PHH injection had no shift in cell size dis- 
tribution. Thus, suppression of erythro- 
-poiesis by irradiation greatly retarded the 


rapid shift in the distribution curve observed 
in rats with a normal erythropoietic response. 

To test whether lesser degrees of hemolysis 
and erythropoietic stimulation would result 
in cells of more nearly normal size, 2 groups 
of rats receiving 3 doses of 0.3 ml or 0.1 ml 
of PHH were compared. In contrast to the 
double peaks of 45 and 98 »? on the day after 
last PHH injection in the group with the 
higher dose, the rats that had received the 
lower dose had only a broadening of the 
curve to the right. Three days later the red 
cells of the high dose group had a single peak 
with a modal value of 86 »*; modal value in 
the low dose group was 69 y*. Production of 
cells of more nearly normal size in both 
groups is indicated by the modal values of 
63, 51 and 48 »3 on days 5, 8, and 15 follow- 
ing the higher dose, and modal values of 63, 
63, and 51 p»® on the same days in the low 
dose rats. In both groups the continued pres- 
ence of larger cells was indicated by the 
broad tail to the right in all curves. Separate 
size distribution and reticulocyte counts on 
the top and bottom layers of centrifuged 
specimens provided further insight into pro- 
duction of cells of different sizes in the 2 dos- 
age groups (Table I). On the day after last 
PHH injection, the bottom layer of cells of 
both groups contained predominantly surviv- 
ing normal cells with a modal value of 45. 
The top layer contained 2 populations in both 
groups. Modal values were 45 and 69 p? in 
the low dose group, and 63 and 98 ,® in the 
high dose group. In both the high and low 
dose group there was a gradual reversal in 
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TABLE II. MCV and MCHC of Red Cells in a Centrifuged Column. 


Peaks of size distri- 


bution, u* MCV, p® MCHC, % 
Total dose 
2% PHH, ml Top Bottom Top Bottom Top Bottom 
ea 75 92 106 109 22 29 
3 63 39, 63 83 73 29 34 
— 45 45 57 57 32 34 


distribution of smaller and larger cells be- 
tween top and bottom layers. Reticulocytes 
continued to be more numerous in the top 
layer, in keeping with the hypothesis that the 
very large reticulocytes originally produced 
are being replaced by successive crops of 
reticulocytes of more normal size. 

The continued predominance of reticulo- 
cytes in the top layer appeared to support 
the thesis that centrifugation results in layer- 
ing of red cells in accordance with their age. 
It could be readily shown, however, that this 
is not always the case. When blood from 
patients with microcytic hypochromic anemia 
was examined during the first week of iron 
therapy, reticulocytes congregated in the 
middle or bottom layer after centrifugation, 
strongly suggesting that mean corpuscular 
hemoglobin concentration (MCHC) rather 
than age determines the position of red cells 
in a centrifuged specimen. To test this thesis, 
MCHC, MCV and size distribution were de- 
termined in the top and bottom lavers of 
selected blood specimens of rats that had re- 
ceived 0.9 and 0.3 ml PHH, and of con- 
trols. MCHC was lower in the top layer in 
each instance, while the MCV was larger in 
one instance, smaller in another, and the 
same as the bottom layer in the third (Table 
TE)e 

Discussion. The rapid replacement of the 
first crop of reticulocytes produced in severe 
phenylhydrazine anemia has been established 
by their shortened life span(2). These early 
reticulocytes, which at one time represent 
about 90% of all red cells, have an MCV of 
twice normal but an MCHC only 20% less 
than normal. This precludes their shrinking 
to cells of normal size and MCHC. It was to 
be expected, therefore, that early, greatly 
oversized reticulocytes will be replaced by 
cells of more normal size. This could not be 
established by determination of MCV alone, 


but was supported by measurement of cell 
size distribution, which demonstrated the 
presence of 2 populations of cells with differ- 
ent volumes. When frequency distribution of 
cell volumes was measured in different cell 
layers after partial separation of reticulocytes 
by centrifugation, a general picture of de- 
creasing volumes of successive crops of reti- 
culocytes was observed. It could also be dem- 
onstrated that the reticulocytes initially pro- 
duced after high dosage of phenylhydrazine 
are almost twice normal size, whereas those 
produced after a lower dose are only about 
1.5 times normal size. The intensity of ery- 
thropoietic stimulation thus appears to gov- 
ern reticulocyte size to some degree. Skipped 
division may account for the larger size of 
more rapidly produced cells(4). 

The position of cells in a centrifuged col- 
umn of blood presumably is governed by the 
density of the cell. The present data suggest 
that the MCHC is the principal variant in 
red cell density. The sequence of events oc- 
curring after administration of PHH support 
this thesis. The MCHC of the very large 
reticulocytes produced initially (Fig. 1) was 
lower than that of the normal red cells. Con- 
sequently, at this time the larger cells were 
in the top layer after separation. The con- 
tinued hemoglobin synthesis in these large 
reticulocytes eventually resulted in a normal 
MCHC. We suggest that a new crop of 
smaller reticulocytes with an MCHC below 
normal emerged at this time, accounting for 
the continued accumulation of reticulocytes 
in the top layer of centrifuged blood. 

Our argument implies that eventually reti- 
culocytes of the size of normal adult cells are 
produced, and that such normal sized reticu- 
locytes replace the normal daily losses from 
senescence. The top and bottom layers of 
centrifuged normal blood have, in fact, never 
shown measurable differences in cell size. 
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However, minor degrees of excess size might 
escape detection unless 100% separation of 
reticulocytes is achieved. The best separa- 
tion in normal blood with the technique used 
was 9% reticulocytes in the top layer and 
1% in the bottom layer. (Control, Table I). 
Improved techniques for reticulocyte separa- 
tion are needed to settle the point. 


Summary. The size distribution of peri- 
pheral red blood cells of rats recovering from 
phenylhydrazine anemia is reported. Reticu- 
locytes produced during the first burst of ac- 
tive erythroid regeneration are as much as 
twice the normal size; degree of macrocytosis 
is related to the severity of the anemia. The 
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initial crop of oversized cells is replaced by 
successive crops of reticulocytes of more nor- 
mal size. It is suggested that separation of 
reticulocytes by centrifugation depends on 
their density, which is determined primarily 
by the MCHC. 
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Orsini and Pansky(1) reported the Syrian 
hamster to be resistant to colchicine. They 
were unable to observe metaphase arrest in 
dividing cells in animals treated with doses 
of colchicine varying from 1 mg to 20 mg/kg 
of body weight. Since this original report by 
Orsini and Pansky, the Syrian hamster has 
been generally accepted as being resistant to 
colchicine(2). 

Recently an alkaloid derived from Vinca 
Rosea Linn., Vincaleukoblastine, was found 
to possess, like colchicine, the property of 
arresting cell mitosis at the metaphase stage 
(stathmokinetic effect) (3,4,5). 

The present study was undertaken to study 
the comparative effects of Vincaleukoblastine 
and colchicine in Syrian hamsters. 

Methods. Fifty Syrian hamsterst of both 
sexes, weighing 80-130 g, were used in these 
experiments. Three groups of 10 animals each 
were injected intraperitoneally with 1.2 mg/ 


* This investigation was supported in part by re- 
search grants from Nat. Cancer Inst., NIH, USPHS. 
' + Dennen Animal Industries, Gloucester, Mass. 


kg, 2.4 mg/kg and 7.2 mg/kg, respectively, 
of colchicine. They were sacrificed 4 hours 
after treatment. A fourth group of 10 ham- 
sters was injected with 1 mg/kg of Vinca- 
leukoblastine and also sacrificed after a peri- 
od of 4 hours. A fifth group of 10 hamsters 
was used as a control. 

Bone marrow from the femurs of all ani- 
mals was collected and fixed in 70% methyl- 
alcohol. Preparations for microscopic study 
were made according to the Feulgen squash 
method. Scoring of mitotic figures was done 
by counting 2000 cells in each preparation. 
Survival time after intraperitoneal treatment 
with high doses of colchicine and Vincaleu- 
koblastine was determined in AKR mice, WR 
rats, and Syrian hamsters. 

Results. The results of these experiments, 
reported in Tables I, I, and III, indicated 
that, although hamsters seemed to be resist- 
ant to the general toxic effects produced by 
colchicine, as demonstrated by survival time, 
their bone marrows were only partially resist- 
ant to the stathmokinetic effect of this alka- 
loid. Colchicine, in a dosage of 1.2 mg/kg, 
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TABLE I. Bone Marrow Mitotic Index in the 
Normal Syrian Hamster before and after Treat- 


ment with Colchicine and Vinealeukoblastine. 
pee Sian Wi ml te eee ee ee 


Mitotic 
No. of Dosage, index, 
animals Compound mg/kg % 
10 — — 13.7 
0) Colchicine 1.2 15.1 
10 7a 2.4 38.35 
10 i 7.2 38.30 
10 Vinealeukoblastine 1.0 98.2 


TABLE II. Survival after a Single Injection of 


Colchicine. 
Mosnce Survival, days 
des) 
Animal No. mg/kg 2 is 30 
Mouse 5 9.6 0 0 0 
Rat 5 9.6 il 1 0 
Hamster 5 9.6 5 4 4 
Mouse 10 192 0 0 0 
Rat 10 19.2 0 0 0 
Hamster 20 19.2 19 18 18 
TABLE III. Survival after a Single Injection of 
Vinealeukoblastine. 

Dosage Survival, days 
Animal No. mg/kg 2 5 30 
Mouse 5 5 5 3 3 
Rat 5 5 5 2 1 
Hamster 5) 5) 5 + 2 


which produced complete metaphase arrest 
of all dividing cells in the mouse and rat, 
was practically ineffective in the hamster. 
However, when dosage was raised to 2.4 mg/ 
kg, an accumulation of arrested metaphases 
was observed and the mitotic index increased 
to circa 3 times that of the control. There 
was no apparent further increase in this 
stathmokinetic effect by increasing the dose 
of colchicine from 2.4 to 7.2 mg/kg. More- 
over, even at a dose level of 7.2 mg/kg, col- 
chicine did not produce metaphase arrest in 
all of the bone marrow cells, since some post- 
metaphase figures were also present. On the 
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other hand, Vincaleukoblastine produced 
complete metaphase arrest. The number of 
accumulated metaphases in hamsters treated 
with Vincaleukoblastine was very high 
(Table I) and no post-metaphase mitotic 
figures were observed. 

Conclusions. The data presented here in- 
dicate: (1) the Syrian hamster is equally as 
sensitive to the statnmokinetic effect of Vin- 
caleukoblastine as are the mouse and rat; 
(2) Syrian hamster bone marrow cells, in 
vivo, are only partially resistant to colchi- 
cine. 

Summary. The effect of Vincaleukoblas- 
tine and colchicine on mitotic activity of bone 
marrow cells was studied in the Syrian ham- 
ster. Vincaleukoblastine at a dosage of 1 mg/ 
kg, administered intraperitoneally, caused 
metaphase arrest of all dividing cells. Col- 
chicine, at a dosage of 1.2 mg/kg, which 
caused effective metaphase arrest of dividing 
cells in mice, rats, and other animals, did not 
demonstrate stathmokinetic effect in ham- 
sters. A single injection of 2.4 mg/kg of col- 
chicine caused partial metaphase arrest. 
There was no apparent increase in the stath- 
mokinetic effect by increasing the dose of 
colchicine from 2.4 to 7.2 mg/kg. 


We are indebted to Miss A. Wagner for technical 
assistance, and to the Eli Lilly Co., Indianapolis, Ind., 
for a generous supply of Vincaleukoblastine. 
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Previous comparisons of lactogenic and 
mammogenic potencies of various pituitary 
preparations have indicated extreme differ- 
ences in relative amounts of these hormones 
when assayed in mice(1). Recent studies 
have indicated that it is possible to extract 
fractions with fair mammogenic activity 
when injected with estradiol benzoate (EB) 
in the ovariectomized mouse, but possessing 
little or no lactogenic activity(2). Present 
report deals with mammogenic effectiveness 
of a number of crude and purified pituitary 
extracts, including one newer mammogenic 
fraction extracted by improved techniques. 

Materials and methods. Purified FSH, lac- 
togen and growth hormone (GH) were ob- 
tained from the Endocrinology Study Sec- 
tion, N.I.H. Anterior pituitary powder (AP) 
was obtained by washing frozen bovine an- 
terior pituitary slices several times with cold 
acetone, followed by ether extraction. Re- 
sulting dry, fat-free slices were then ground 
to a fine powder in a Wiley Mill. Initial resi- 
due (IR) was prepared as described previ- 
ously(2). A concentrated mammogenic prepa- 
ration (mammogen ‘“‘C”’) extracted by stir- 
ring one part initial residue twice with 15 
parts (by weight) distilled water at approxi- 
mately 29°C for 2-3 hours, centrifuging and 
saving clear supernatants. Supernatants were 
pooled and made up to 60% by addition of 
95% ethanol. After adjusting pH to 12-13 
by addition of 2N NaOH, solution was 
chilled by placing in deep freeze (—10°C) 
overnight. A fine precipitate formed either 
immediately (during chilling) or on stand- 
ing thereafter at room temperature for sev- 


*Contribution from Mo. Agr. Exp. Sta. Journal 
Series No. 2299. Approved by the Director. Sup- 
ported in part by grants-in-aid from USPHS and 
Am. Cancer Soc. FSH, lactogen, growth hormone 
and several crude extracts kindly supplied by Drs. 
Robt. Hill of N.I.H. and A. E. Wilhelmi of Emory 
Univ. 

+ Postdoctoral Fellow of Nat. Cancer Inst. 


eral days. A Whatman No. 50 filter paper 
over a Buchner funnel was used to recover 
the precipitate, after which it was dried by 
washing with acetone. Resulting precipitate 
was crystalline, white, apparently salt-free, 
and readily soluble in distilled H.O. Wilhelmi 
preparations XIX-36-A, XIX-36-B, XIX- 
36-C, XIX-34-C1 were prepared as follows 
(3). XIX-36-A represented dialyzed, lyophi- 
lized water extract of whole ground fresh bo- 
vine anterior pituitary lobes at pH 5.5. Prin- 
cipal component reported was FSH plus small 
amount of LH. XIX-36-B was prepared from 
residue of XIX-36-A resuspended in 0.1 M 
ammonium sulfate, pH 4, reextracted, dia- 
lyzed and lyophilized. Fraction was rich in 
TSH and LH. XIX-36-C was prepared from 
residue of XIX-36-B, resuspended in 0.25 M 
ammonium sulfate, pH 7.5, reextracted, dia- 
lyzed and lyophilized. Fraction rich in GH. 
XIX-34-Cl was final residue, and contained 
primarily lactogenic hormone. 

Groups of mature female ovariectomized 
Webster-Swiss mice received subcutaneous 
injections beginning day 14 post-operatively. 
EB and progesterone (P) were dissolved in 
olive oil carrier in concentrations such that 
each animal received 0.1 ml oil carrier daily 
for 19 days. Pituitary preparations were sus- 
pended in a water carrier and injected sepa- 
rately from the synergizing dose of 1 pg EB 
injected daily. 

On day 20, animals were sacrificed and 7 
mammary glands of each mouse were taken 
for desoxyribosenucleic acid (DNA) deter- 
mination as described previously (4). 

Results. Crude bovine AP, when injected 
with EB, produced greatest mammary gland 
growth of any preparations in dose injected 
but did not produce growth equivalent to 
pregnancy as measured by total DNA 
(Table I). IR produced a greater mean to- 
tal DNA than either EB alone or EB plus P, 
but did not differ significantly from either. 
Mammogen “C” produced _ significantly 
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TABLE I. Anterior Pituitary Preparations on Ovariectomized Mouse Mammary Gland Growth. 


nn ey 
ooo SSS —— oa  —O—0.0—0 ee '.,::0:0€0€wOwOWw(8f99000 ee 


No.of Body wt DEEVI,* DNA, Total DNA/100 g 

Treatment mice mean, g mg pe/mg DFFT DNA,mg BW, mg 
Castrate control 10 33.9 73.3 Zieh 2.03 6.00 =— 48 
EB, 1 ug 10 30.1 85.1 26.5 2.26 7.291 eaeon 
EB, 1 ug + P, 3 mg 9 30.4 92.2 26.8 2.47 8.43 + .35 
18-days pregnantt 28 37.4 123.5 52.0 6.22 16.90 + .69 
EB, 1 ug + AP, 4 mg 10 32.2 103.3 33.9 3.51 10.90 +1.98 
Idem + 1R,4mg 9 29.5 92.5 28.1 2.60 8.80 + .72 
+ GH, 2 mg 9 33.4 96.6 21.7 2.10 6.27 + .40 
a2 + FSH, 2 mg 9 30.1 72.1 29.0 2.09 6.95 + .84 
2 + lactogen, 1 mg 9 33.1 99.5 27.3 2.72 8.22 + .61 

3 + mammogen ‘‘C,’? 10 B33 98.3 29.7 2.92 8.76 + 

.02 mg 

“ + XIX-34-Cl,4mg 11 36.0 73.6 37.8 2.78 7.93 seo 
4 + XIX-36-A, 4 mg 9 29.6 80.2 25.4 2.04 6.89 + .47 
a + XIX-36-B, 4 mg 8 34.2 77.8 31.9 2.48 7.25 + .37 
¥ + XIX-36-C, 4 mg 1 33.0 92.7 26.3 2.43 7.38 + .32 


+ 


* Dry, fat-free tissue. Data from (6). 


greater amounts of total DNA than did EB denaturation or contamination as in previous 
alone (P < .01) but only produced slightly preparations). On basis of these data, it 
greater mean total DNA than EB plus P. would appear that at least one pituitary 


Lactogenic preparation plus EB produced  mammogen effective in mouse is left in pitui- 
ae ne at Band aes °F tary residue after extraction of known pitui- 
EB plus P, although significant difference tary hormones. 


was marked by high variation in this group. Purified FSH would not be expecta 
GH, FSH and Wilhelmi preparations were : : 
produce mammary gland growth in the ovari- 


generally ineffective in production of mam- iain as, bea of ae 
mary gland growth with the exception of eee e ae CCC ON a E 


XIX-36-C1, containing lactogen. Total DNA 1 SEAEATIIGG Iny Pia ee 
produced by this preparation plus EB ap- 8": In present study, no significant lobule- 
proached significance (P < .08) compared alveolar growth was obtained when large 
to DNA produced by injection of EB alone. amounts, hace BESO (Wilh 

Whole mount observation indicated lobule- P'®P@T eben ESS) ae eae putes i 
alveolar development in mice treated with “ injected unto a ee mouse Wal 
EB plus P, and EB plus AP, IR, lactogenic SYMetgizing dose of EB, indicating mammo- 
preparation, mammogen “C,” and XIX-34- gen is not extracted by technics employed 
CL. in extraction of FSH. 

Discussion. Previous studies in mice(2) Crude and purified preparations of growth 
have indicated that IR, obtained from ace- hormone, when injected with EB, produced 
tone dried bovine AP after known hormones 0 lobule-alveolar growth, confirming previ- 
are removed produced significant mammary 0US studies using hypophysectomized C3H/ 
gland growth in mouse, when injected with He Crgl mice(S). Higher doses should have 
synergizing dose of EB. Present study con- produced noticeable mammary gland devel- 
firms these findings, and points to newer Opment if contamination of these fractions 
method of extraction of pituitary mammogen by mammogenic factor existed. 
from IR. Mammogen “C,” which produced Summary. Mammogenic potencies of a 
lobule-alveolar growth when injected in very number of crude and purified anterior pitui- 
small quantity (.02 mg) with a synergizing tary fractions were determined by estimation 
dose of EB, had relative mammogen potency of mammary gland desoxyribosenucleic acid 
not dissimilar to mammogen “A” and “B” (DNA) in treated ovariectomized mice. 
(2), but was apparently soluble in distilled Crude bovine AP, initial residue (IR) ob- 
water and salt-free (indicating less partial tained by depleting AP of known hormones, 
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a newly developed mammogen extracted 
from IR (mammogen “C’’) and_ lactogenic 
preparation produced lobule-alveolar devel- 
opment. Extracted mammogen “C” was 
white, crystalline, apparently salt-free and 
water soluble. Crude and purified FSH and 
growth hormone exhibited little or no mam- 
mogenic effects when injected with a syner- 
gizing dose of estradiol benzoate in ovariecto- 
mized mouse. 
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Ingestion of Latex Particles by Chicken Fibroblasts in Tissue Culture.* 
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The ingestion of foreign particles by cer- 
tain cell types both in intact tissue and in 
tissue culture has been studied extensively 
and generally referred to as phagocytosis. 
Cells of the phagocytic type include mam- 
malian granular leucocytes and those of 
mesoblastic origin commonly called macro- 
phages. These cells not only can ingest bac- 
teria, cell debris and protozoa but also may 
ingest smaller particles of a colloidal size, 
this latter phenomenon being called wltra- 
phagocytosis or colloidopexy. The precise 
mechanisms of the phagocytic process are 
not entirely clear and some variations in the 
manner by which particles are taken in by 
cells have been described. Thus, in some 
cases particles appear in cell vacuoles and in 
others such vacuoles are not seen. Pinocyto- 
sis, or “cell drinking,” is a second method by 
which the cell may take in material from its 
environment. Initially described by Lewis as 
a mechanism by which fluid enters cells(1), 
the studies of Mast and Doyle(2), Holter 
and Marshall(3) and Chapman-Andresen and 
Holter(4) indicate various materials may en- 
ter the cell in this manner. Palade has de- 
scribed a vesicular component of endothelial 
cells which functions in the pinocytotic proc- 
ess(5) and De Robertis and Bennett(6) have 
described a similar component for nervous 
tissue cells. Ferritin molecules are ingested 
' * This work was supported by U.S.P.H.S. grant. 


by endothelial cells by the pinocytotic proc- 
ess as reported by Wissig(7), and small 
(0.014 ») colloidal gold particles have been 
reported to be taken in by HeLa cells in vitro 
by Harford e# al.(8). 


No electron microscopic studies have been 
published of ingestion of foreign inert par- 
ticles by tissue cells of the fibroblastic type. 
The present study presents results in which 
cell uptake of polystyrene latex particles 
having a diameter of 0.264 » is demonstrated 
in tissue cultures of chicken fibroblasts ex- 
amined by electron microscopy. 

Materials and methods. Polystyrene latex 
suspensions (PSL). Polystyrene latex (PSL) 
was obtained from Dow Chemical Corp., 
Midland, Mich., run No. LS-057-A. This 
lot had a particle size of 0.264 » and a 
standard deviation of 0.0060 » in 577 mea- 
surements. Stock suspension of PSL was 
made in distilled water. PSL content of this 
suspension determined by direct sedimenta- 
tion with technics described previously (9,10) 
was found to be 2.3 & 10° PSL particles/ml. 
PSL was then diluted further in tissue culture 
media to obtain the final concentration of 
inoculum. 

Chicken fibroblast cultures. Chicken fi- 
broblast cell suspensions were prepared by 
trypsinizing tissue of 9-10 day old chicken 
embryos. These cells were placed in large 
Rous or T-60 flasks and growth observed 
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FIG. 1. Portion of chicken fibroblast cel! in tissue culture in whi 


ch polystyrene latex (PSL) 
particles are seen entering and within the cell. Chromium shadowed. x 7,500, 
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until monolayers had formed. The cell 
growth was then trypsinized from the flasks 
and a suspension diluted to contain 1.5 mil- 
lion cells. This suspension was pipetted into 
Leighton tubes containing carbon-collodion 
coated stainless steel grids. PSL was then 
added in ratios of 50:1 or less latex to cell. 
Grid mounts were removed, fixed and shad- 
owed as described. 

In some instances flask cultures of chicken 
fibroblasts in a monolayer were inoculated 
with PSL also in a ratio of 50:1. At various 
intervals after inoculation of PSL, the cells 
were trypsinized off the glass, washed 2-3 
times and sedimented into a loose pellet. 
This pellet was then fixed with osmium tet- 
roxide, embedded in araldite and sectioned 
with a Servall Porter-Blum microtome. Mi- 
crographs were taken with an RCA-EML 
electron microscope. 

Results. In the initial experiments, PSL 
was added to chicken fibroblast cultures and 
the whole cell mounts removed at the 1 and 
30 minute periods showed only a rare par- 
ticle which appeared to be intracellular. 
However, cultures removed at the 1 and 2 
hour periods or later showed many particles 
at various stages of entry into the fibroblast 
as well as large collections of PSL particles 
mr the interior of the cell (Fig. 1, 2, 3). The 
general condition of cells exposed to poly- 
styrene and observed for periods of 1-4 days 
showed no changes in their general morphol- 
ogy. Specifically addition of latex to the 
cultures failed to induce “toxic” changes in 
the cells. 

An additional observation was the finding 
in whole cell preparations of small spikes of 
processes on the surface of the PSL particles 
in the process of engulfment. In some cases 
where several PSL particles were being en- 
gulfed as a group these spikes interconnected 
these particles. A few particles had very 
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large spikes about 40 my in width (Fig. 3); 
others were considerably smaller. Most PSL 
balls entering cells showed these processes 
and none of the extracellular particles or par- 
ticles not directly or indirectly in contact 
with the cell showed spikes of any size. 

To help resolve the question as to whether 
the particles observed actually were within 
the cell, or rather were on top or under it, 
the following experiments were performed. 
The cell monolayer was exposed to PSL for 
2 hours, trypsinized, washed several times 
and this cell suspension inoculated into 
Leighton tubes to allow the cells to reattach 
to the coated grid surface. These cells were 
observed until most had put out processes 
at which time the grid mounts were removed, 
fixed and shadowed. Photographs of these 
cells showed a few PSL particles in the proc- 
esses. Many particles consistent with PSL 
size and density were seen indistinctly in the 
interior of many cells. Conversely, no extra- 
cellular PSL was observed in any of these 
preparations indicating that all removable 
PSL had been washed away leaving only 
those particles which were inside the cell or 
very firmly attached to it. In addition, PSL 
particles sprayed onto fixed cells showed 
very clear margins and well defined shadows. 
Thus, the appearance of PSL particles lying 
on top of cells is quite different from those 
intracellular particles observed in Fig. 1, 2, 
S37 

Various stages of progression of PSL into 
the cell could be observed. The particles 
showed no predilection for any particular 
part of the fibroblast and PSL was observed 
entering the smooth wall of the cell body as 
well as the wall of cell processes. Interest- 
ingly, out of several hundred cells examined 
no PSL particles were found entering a mi- 
crovillus. PSL particles initially appeared 
to be pressed against the cell wall and in the 


FIG. 2. A single PSL particle with a large spike. Also seen is a group of 5 PSI. particles 


in an early stage of ingestion. Chromium shadowed. X 7,500. 
FIG. 3. Another group of 5 PSL particles enclosed in a pocket in the wall of a cell. 


A soli- 


tary particle nearby has a very thin spike. Chromium shadowed. x 18,006. 

FIG. 4. PSL particles suspended in agar, fixed, embedded in methacrylate and sectioned. 
There is a varying degree of distortion of PSL particles. 18,000. 

FIG. 5. Early ingestion stage of PSL by chicken fibroblast. Cell culture fixed in buffered 


osmium and embedded in araldite. * 18,000. 


FIG. 6. This micrograph is typical of many PSL particles ingested by chicken fibroblasts 


in tissue culture. 18,000. 
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next stage the cell wall invaginated and the 
particle was surrounded by the cell wall (Fig. 
2 & 3). As the particle was taken deeper 
into the cytoplasm the wall closed off form- 
ing a vacuole. Not all cells appeared to in- 
gest PSL and of those that did some con- 
tained far larger numbers than others. In 
most instances where the PSL particle was 
definitely within the cell a vacuole could be 
seen, but in a few instances no vacuole was 
visible. 


PSL in ultrathin sections of chicken fibro- 
blasts. To demonstrate further the uptake 
of PSL by chicken fibroblasts, cell cultures 
were exposed to PSL, the cultures then 
washed, the cells removed by trypsinization, 
fixed and embedded for thin sectioning. To 
aid in identification of PSL in sections a 
heavy suspension of PSL was embedded in 
2% agar, fixed and embedded for thin sec- 
tioning. Fig. 4 demonstrates the appear- 
ance of the PSL in sections. Some distortion 
of the usual spherical shape occurred and in 
some cases partial dissolution of PSL was 
found. 


PSL was demonstrated readily in sections 
of chicken fibroblasts (Fig. 5 & 6) and the 
particles were usually located in cell vacu- 
oles. 


Rate of adsorption of PSL by chicken 
fibroblasts. In an effort to determine the 
rate at which PSL was taken up by the fibro- 
blasts the following experiments were done. 
PSL was added to groups of T-60 tissue cul- 
ture flasks containing 12 to 30 million cells 
per flask. Amount of PSL was determined 
by sedimentation counting(9,10) and concen- 
tration per flask adjusted to give a ratio of 
PSG/cells of 2034, 5:1eand 321. | PSia was 
also inoculated into cell free media for a con- 
trol. Samples of supernate from each flask 
were removed at 1 minute, 30 minutes and 2, 
4, 7, and 24 hours, pooled and PSL particle 
counts made on each pool. Each pool repre- 
sents aliquots from 5 T-60 flasks. 


Table I gives results of these experiments. 
No significant adsorption of PSL could be 
demonstrated, however, if 15% or less were 
removed it would not be detectable since this 
is the standard deviation of this method(9). 
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TABLE I. Rate of Removal of Polystyrene Latex 
(PSL) Particles fiom Tissue Culture Media by 
Chicken Fibroblasts. 


PSL content of tissue culture 
media X 107 
Interval after 


addition of PSL /cell ratios* 

PSL to culture 20:1 5:1 yaa | 
Media control 7.0 7.0 4.0 
1 min 6.5 6.2 3.6 
lhr (lel 6.5 — 

Dike 7.0 6.4 ae 

zat 6.7 6.3 3.6 

(aaa 7.2 6.4 — 
245- 6.5 6.0 3.2 


* Ratios calculated to result after adding a de- 
termined number of PSL particles to flasks of cells. 
Flask population estimated from cell counts of rep- 
lieate flasks in same experiment. 


The difference in counts between media con- 
trol and culture samples was not significant. 
As PSL obviously is taken in by some cells 
based on visual examination, one can con- 
clude that the overall rate of uptake is rela- 
tively low. This could hardly be otherwise 
since the cells in the monolayer would not be 
in direct contact with most of the PSL in 
suspension in the media. Measured uptake 
of PSL might be demonstrable if the PSL/ 
cell ratio could be reduced to well below 1:1 
but this has not been possible to date. The 
3:1 ratio was close to the minimum PSL 
which could be added for accurate sedimen- 
tation counting. 

Discussion. The present studies clearly 
demonstrate the capacity of polystyrene la- 
tex particles to enter the chicken fibroblast 
in vitro but the mechanisms involved are ob- 
scure. Primarily, the question raised is 
whether the process described represents 
phagocytosis by a cell generally considered 
non-phagocytic or pinocytosis in which the 
PSL particle is taken in during the drinking 
process. The invagination of the cell wall 
and vacuole formation surrounding the PSL 
particles would suggest a pinocytotic process 
as originally described by Lewis and since in- 
vestigated by various workers. Palade(5) 
and Bennett(11) propose a process of “‘mem- 
brane flow and membrane vesiculation” 
which appears applicable to the present find- 
ings. This suggests that particles engaged 
by the cell wall (by mechanisms unknown) 
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are trapped in a recess formed as the wall 
slides around it. 

It is of interest that a particle as large as 
the PSL used is taken into the cell by an ap- 
parently pinocytotic process. PSL of 0.264 
p diameter was used because this size is al- 
most identical to that of vaccinia virus (.230 
X .260 w). In studies of virus particle entry 
into the cell a model system was sought 
whereby inert (PSL) and biologically active 
(vaccinia) material could be compared. It 
was thought that the inert PSL would remain 
extracellular but obviously, as the present 
experiments show, it does not. If the chicken 
fibroblast can ingest, probably by pinocy- 
tosis, PSL particles, it would seem likely that 
the entry of other particles, including viral, 
can occur by the same process (¢€.g. pinocy- 
tosis). The point of greatest importance, 
then, would not be whether a particle of 
0.264 » or less can enter a cell but what fur- 
ther activity the particle can stimulate after 
it becomes intracellular. 

The PSL used in the present experiments 
is larger than most colloidal particles but 
certainly small enough so that the particles 
do not settle out over a period of days. PSL 
added to the media used in these experiments 
and allowed to stand showed no significant 
sedimentation after 2 weeks. Moreover, PSL 
sedimented from media showed no unusual 
amount of clumping. In the PSL adsorption 
experiments, therefore, it seems certain that 
few of the particles settle out during the short 
period of time involved. Rate of PSL up- 
take indicates that of the total number in- 
oculated less than 15% are removed from 
the supernate fluid. Thus, although many 
PSL particles are seen within some cells this 
represents only a small portion of the whole 
number of particles exposed to the culture. 
Evidence of this type suggests that ingestion 
of these particles is more passive than active 
and would support the mechanisms of par- 
ticle ingestion proposed by Palade and Ben- 
nett, and would argue against a phagocytic 
process. 

PSL has many special advantages for 
studies of particle uptake by cells and has 
been used by Sbarra and Karnofsky in stud- 
ies of leucocyte metabolism during phagocy- 
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tosis(12). The high degree of uniformity of 
size, shape and density make it easily recog- 
nizable in the electron microscope. The PSL 
used in the present experiments had a varia- 
tion of only -& .006 pw in particles whose av- 
erage diameter was 0.264 ». Total number 
of PSL particles can be measured easily by 
calculation from dry weight of sample, by 
the spray droplet method of Backus and Wil- 
liams(13) or by sedimentation counting as 
was done in the above experiments. Finally, 
PSL can be obtained in sizes ranging from 
80 to 1,000 or more millimicrons per lot. 
These characteristics make feasible a variety 
of cell-particle experiments of both a quali- 
tative and quantitative nature relating to the 
general problem of how extracellular material 
is ingested by cells. 

Summary. Ingestion of polystyrene latex 
(PSL) particles measuring 0.264 w in dia- 
meter has been demonstrated in chicken 
fibroblasts in vitro. PSL was added to cul- 
tures of chicken fibroblasts grown on carbon- 
collodion coated steel grids and these mounts 
removed at intervals of 14 to 24 hours. The 
fixed and metal shadowed whole cell prepara- 
tions revealed PSL in various stages of entry 
into these cells. PSL was found in invagina- 
tions of the cell wall and in vacuoles in the 
cytoplasm. Sections of cultured fibroblasts 
inoculated with PSL revealed PSL particles 
in cell vacuoles. The rate of particle uptake, 
however, was too low to be measured by the 
method used. 


The author wishes to thank Doctors M. J. Moses 
and G. A. Meek for their interest in this work and 
their helpful suggestions. 
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Evidence has previously been presented 
suggesting the presence of a “circulating in- 
trinsic factor” involved in selective deposi- 
tion of By» in the liver(1). The present re- 
port exhibits 4 lines of evidence suggesting 
that intrinsic factor may be present in bile. 


Materials and methods. Human bile was 
collected via a mushroom catheter in the gall 
bladder of a patient with complete occlusion 
of the common duct by a carcinoma of the 
head of the pancreas. Rat bile was obtained 
by means of catheterization,t under tempor- 
ary anesthesia, of the bile duct of rats there- 
after maintained for 6 to 24 hours in a spe- 
cial restraining cage with access to food and 
water. 


Hog intrinsic factor concentrate (HIFC), 
WES 671 A, and purified HIFC, were ob- 
tained from the same source.t Their activ- 
ity in man had been demonstrated by a modi- 
fied Schilling test(2) showing a standard ef- 
fect in pernicious anemia with single oral 
doses of 5 mg and of 0.3 mg, respectively. 
The Co®-B,. used was of specific activity 
approximately 1 pc/yg.§ 

The liver homogenate system used has pre- 


* This investigation was supported by grants from 
Nat. Inst. of Arthritis and Metab. Dis., W:S:PsHiSs 
Nat. Vitamin Foundation, and Eli Lilly and Co. 

t Initial samples kindly provided by Drs. Roger 
Lester, Donald Ostrow, and Rudi Schmid. 

+ Kindly supplied by Dr. L. Ellenbogen, Lederle 
Laboratories, Pearl River, N. Y., 

§ Kindly provided by Drs. C. Rosenblum, N. Rit- 
ter, and E. Alpert, Merck, Sharp & Dohme Research 
Laboratories, West Point, Pa. 


viously been described(3); each of the serial 
incubations was for ™% hour, in air, at room 
temperature. Everted sacs of rat small in- 
testine were prepared and incubated during 
procedures carried out essentially as de- 
scribed by others(4). In all experiments a 
minimum of 10,000 counts were obtained on 
each sample. Samples which were less than 
twice background were counted for 10,000 
counts on each of 3 separate occasions to en- 
sure validity. 


Antiserum to purified HIFC was prepared 
by injecting into each footpad of a rabbit 0.5 
ml of 0.2 mg/ml purified HIFC weekly for 
a month, and subsequently harvesting serum 
at intervals separated by further injections 
of antigen. Agar double diffusion analysis 
was performed as described by Ouchterlony 
(5). 

Results. Experiment 1, Table I, indicates 
that human bile increases the enhancing ef- 
fect of HIFC on Co®-B,. uptake by rat liver 
homogenate in a sequential incubation sys- 
tem. Exp. 2, shows that human bile by it- 
self enhances Co®-Bi. uptake by rat liver 
homogenate. Exp. 3, parts a. and b., sug- 
gests that the effect of human bile, like that 
of HIFC(6), is calcium-dependent; part c. 
demonstrates that the enhancing effect of 
human bile following incubation is not due 
to physical entrapment of Co®°-B,.-laden bile 
in the liver homogenate. Thus without in- 
cubation liver homogenate showed little more 
uptake from Co®-Bys-laden bile than from 
NaCl-CaClo. 

Table IT indicates that, like HIFC, human 
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TABLE I, Enhancement of Frozen, Thawed Liver Homogenate Uptake of Co®-B,. by HIFC 


and by Human Bile. 


ee eee 
—wwwwowswsseesse leew m”-_ sSES_q_e_eee 


1st ineubation 


2nd ineubation 


Added 
Exp. Medium Added agents Medium agent Counts/min. 
1 NaCl-CaCl, NaCl NaCl-CaCl, Co™-By» 66 
is HIFC* ee Ht 3318 
Human bile + HIFC* = 3806 
2 KRT,t pH 7.4 NaCl KRT,t+t pH 7.4 aa 105 
. HIFC* # a 3371 
di Human bile a 24 529 
w Serum from same human ye 28 129 
3 (a) NaCl-CaCl, NaCl NaCl-CaCl, 44 167 
re HIFC* a ay 3000 
ie Human bile ‘s 4 845 
(b) NaCl NaCl ; ie 263 
* HIFC* ee me 302 
ia Human bile M 4 387 
(¢) Human bile + Co®-B,, incubated together for 1 hr, without added 189 


medium; then added to liver homogenate in NaCl-CaCl,, stirred, 


and homogenate immediately 
washed, then counted 


precipitated by ceutrifugation, 


* 1/200 daily oral dose of WES671A (25 yg). 
+ Krebs-Ringer tris, pH 7.4, containing 10 mM CaCl,. 


bile will enhance Co®-B,. uptake by liver 
homogenate in a simultaneous incubation 
system. Furthermore, the HIFC-like action 
of human bile appears to be calcium-depen- 
dent and EDTA-reversible as is the effect of 
HIFC(6). Table III displays the ability of 
rabbit antiserum to purified HIFC to elimi- 
nate the enhancing effect of both HIFC and 
human bile. This table also indicates a 
slight HIFC-like effect of rat bile. Because 
rat bile showed only this slight intrinsic fac- 
tor-like activity in the rat liver homogenate 
system, it was tested in the sensitive in vitro 


everted gut sac system used by Strauss and 
Wilson(4). Table IV demonstrates that in 
this system, some samples of rat bile had an 
intrinsic factor-like activity similar to that of 
rat stomach homogenate. This was not true 
for all rat biles tested, however. The con- 
centrations of rat stomach selected for study 
were based on studies(7) which showed that 
either much less or much more rat stomach 
homogenate was inactive in the everted sac 
system. 

In Table V, it may be seen that rat bile 
from each of 2 different donor rats (No. 1 


TABLE II. HIFC-like Properties of Human Bile in Rat Liver Homogenate System: Effectiveness in Si- 
multaneous (Bile + Co”-B,.) Incubation; Caleium-dependence ; EDT A-reversibility. 


————_ Ist incubation ————,__ ——_ 2nd mewbation —— ———— 3rd incubation ——_, 
Medium , Added agentst Medium Addedagentt Medium Added agentt Counts/min. 
NaClCaCl, NaCl + Co®-B,. — — — — 176 
e HI#FC* + Co”-B,. — — — — 3178 
3 Human bile + Co®-B,, —_— — — — 573 
#2 NaCl NaCl-CaCl, Co®-Byo NaCl-CaCl, — 93 
13 ELE C* i 4 it — 3748 
Human bile a as % — 545 
4 NaCl % a uy 29% EDTA 76 
” HIFC* ” ” ” 185 
4 Human bile Ht a ? _ 222 
NaCl NaCl Be oo 2 — 86 
: EBC ge x a = 103 
“ Human bile +4 a — 152 
iy Al, awa l, 
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TABLE III. Effect of Rabbit Antiserum to Purified HIFC on Enhancing Action of HIFC and 
of Human Bile on Co”-B,, Uptake by Rat Liver Homogenate. Slight effect of rat bile. 


Exp. 1st incubation® 2nd ineubation* 3rdincubation* Counts/min. 

a. NaCl + Co-Byp 132 
Rat bile #1 + Co®-B,. 162 

” ” #2 aL ” 191 
HIFC +” 2779 
HIFCt + ” 2951 
Human bile + z 318 
(HIFC + rabbit antiserum) t + Co®-B,» 51 
(Human bile + rabbit antiserum) t 80 

+ Co”-Bys 

b. HIFC Rabbit antiserum Co”-Byo 674 
Rabbit antiserum HIFC i 2081 
HIFC NaCl ey 3639 
NaCl HIFC 2s 2872 


* All incubations were performed in Krebs-Ringer tris (KRT) medium, pH 7.4. 
+ Preincubated for 1 hr at 37°C before adding to liver homogenate. 


and No. 3) appeared to enhance Co®-B,» ab- 
sorption by a gastrectomized rat to the same 
extent as did the homogenate of ™% rat 
stomach. However, bile from 2 other donor 
rats (No. 2 and No. 4) had no such effect. 

Ouchterlony agar gel diffusion analysis 
showed (Fig. 1) a continuous precipitin 
band (reaction of identity) produced against 
purified HIFC and rat stomach homogenate 
by rabbit antiserum against HIFC, with 
a partial reaction of identity against human 
stomach homogenate. Similar diffusion 
analysis utilizing the same antibody demon- 
strated that a common precipitin line formed 
with human bile, human stomach homogenate 
and HIFC. 

Discussion. The studies reported here 
suggest that intrinsic factor is present in bile. 
Thus, human, and to a lesser extent, rat, bile 
has HIFC-like activity in the rat liver ho- 
mogenate semiquantitative “assay” for in- 
trinsic factor. The activity of human bile is 
TABLE IV. Substitution of Rat Bile for Rat Sto- 


mach Homogenate in Everted Sacs from Middle of 
Rat Small Intestine. 


Enhancement of 
By uptake (% 
above control) 


Counts/min. 


Added agent per 2 inch sae 


None (control) 23 0 

Homogenate of 1/100 113 491 
rat stomach 

-lmlrat bile #1 60 261 
gag ae ee 85 369 
tS RE Sees. 44 192 


Krebs-Henseleit bicarbonate incubation medium. 


calcium-dependent and EDT<A-reversible, as 
is the effect of HIFC. Some samples of rat 
bile appear to function like rat intrinsic fac- 
tor in the rat small intestine everted sac qual- 
itative “assay” for rat intrinsic factor. Hu- 
man bile and intrinsic factor concentrates 
from 3 species (hog, rat, man) contain a re- 
lated antigen, demonstrated by agar gel dif- 
fusion studies with an antiserum to purified 
HIFC. Finally, bile from 2 of 4 donor rats 
appears to possess intrinsic factor activity in 
a gastrectomized rat. 


TABLE V. Enhancement of Co®-B,. Absorption m 
Gastrectomized Rat Produced by Rat Bile. 


% of administered 
Co®-B,». in 7-day 


Orally administered agents stool collection 


Co®-B,.* + 2 ml H,O 97.4 
Idem + 4% rat stomach (homogenate) 77.0 
” + 2.2 mlrat #1 bile 76.6 
» +2 milrat #2 bile 94.3 
” + 144 rat stomach (homogenate) 76.1 
” + 2mlrat #3 bile 77.0 
” + 2milrat #4 bile 95.0 
” + 2milrat #4 bile 93.8 


* 15,000 wug in 1.5 ml 0.9% NaCl. 


While these 4 separate lines of evidence are 
consistent with the conclusion that intrinsic 
factor is present in bile, the following equi- 
vocations must be introduced: 1. No in vitro 
test can be proved to assay intrinsic factor 
at the present time, since intrinsic factor has 
not as yet been isolated in pure form. Thus, 
both the liver homogenate and everted sac 
systems may actually measure a contaminant 
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Ouchterlony plate showing common pre- 
cipitin line between rabbit anti-hog intrinsic fac- 
tor and intrinsic factor concentrates from hog, rat, 


and human sources. 1. Rat stomach homogenate. 

2. Purified hog I. F. 3. Human stomach homoge- 

nate. 4+. Rabbit anti-hog I. F. 5. Rabbit anti-hog 
IAs 


present in all intrinsic factor concentrates so 
far prepared, rather than intrinsic factor it- 
self. This possibility cannot be overlooked 
even though studies so far have shown that 
besides intrinsic factor only serum(1) and 
bile produce an enhanced Co®°-B,2 uptake by 
rat liver systems; other agents either have no 
effect or many reduce the effect of HIFC 
(8). 2. The present definition of intrinsic 
factor activity requires that rat bile be re- 
peatedly demonstrated to substitute for rat 
intrinsic factor in gastrectomized rats before 
it can be accepted to contain intrinsic factor 
activity. 3. The immunologic evidence that 
bile and intrinsic factor concentrates, even 
from different species, seem to possess a 
common antigen does not necessarily mean 
that the common antigen is intrinsic factor. 


The results of the semi-quantitative liver 
homogenate “assay” suggest that amounts 
of human bile in excess of 1 liter would be 
necessary to produce an intrinsic factor ef- 
fect in man, if in fact such an effect could be 
produced. No enhancement of Co®?-By» up- 
take was obtained in Schilling(2) tests of 2 
pernicious anemia patients and of one man 
who had undergone total gastrectomy when 
they were fed Co®-B,2 plus approximately 
200 ml of human bile(9). Since this amount 
of bile is somewhat nauseating, it may be 
necessary to concentrate the “‘intrinsic factor 
activity” of much larger quantities of bile 
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before feeding it or supplying it through a 
nasogastric tube. 

The concept that bile contains intrinsic 
factor would fit well with the concept of a 
“circulating intrinsic factor’(1) involved in 
selective deposition of Vit. By. in liver, and 
with the concept of the enterohepatic circu- 
lation of Vit. By2(11-13) dependent upon or 
associated with an enterohepatic circulation 
of intrinsic factor. Toporek found that bile 
from rat liver which had been perfused with 
HIFC enhanced Co®-B;» uptake in a second 
perfused rat liver(14), as did HIFC mixed 
with Co®-Bj,.(15). While this later finding 
(14) may only mean that a complex of By»2 
bound to non-intrinsic factor By».-binding 
substance in bile(11) was taken up by Kupf- 
fer cells as a foreign material(16), it could 
mean that intrinsic factor did in fact traverse 
the hepatic cells, as Toporek suggests. It 
may be possible to judge between these pos- 
sibilities, and others, when his study is re- 
ported in full. 

In observations aimed at narrowing down 
the possible sources of human intrinsic fac- 
tor, Castle, Townsend and Heath(10), using 
a triple-lumen tube during occlusion of the 
pylorus by a balloon, secured bile-containing 
duodenal contents. On feeding approxi- 
mately 75 cc of this material daily for 10 
days to a patient with untreated pernicious 
anemia, they observed a reticulocyte peak of 
4.8% (on day 8); whereas in a succeeding 
period, 75 cc of gastric juice caused a reticu- 
locyte peak of 28.4% (on day 8). The con- 
clusion was drawn that there was no intrinsic 
factor in bile and that the initial slight hema- 
topoietic effect might have been due to traces 
of gastric juice entering the duodenum. Now, 
after a lapse of 3 decades, the possibility 
that, in the presence of a normally function- 
ing stomach, bile may contain intrinsic fac- 
tor is again raised. Indeed, intrinsic factor 
in liver cells or bile might explain the recent 
finding of Reizenstein and Nyberg(17) that 
intestinal absorption of liver-bound By». ex- 
ceeds that of an equivalent amount of By,» 
alone. 

The failure of Co®%-B,5 to be absorbed in 
man(18) and in the rat(19) after total gas- 
trectomy suggests that, if bile does contain 
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intrinsic factor, its site of origin is the stom- 
ach. If absorbed from the intestine after 
binding Vit. Bis, its presence in bile would 
argue strongly for an entero-hepatic circula- 
tion of intrinsic factor in addition to those 
intestinal phases previously reviewed (20). 
Consequently, an important question to be 
answered is whether gastric intrinsic factor is 
absorbed directly into the blood stream like 
uropepsin from the cells which make it or 
is discharged into the stomach and then ab- 
sorbed with Vit. B;2 from the ileum after pas- 
sage into the small intestine. 

There are a number of possible explana- 
tions for our failure to find intrinsic factor 
activity in all specimens of rat bile, in studies 
depending on ability of intrinsic factor to 
bind radioactive By;.. They include: 1) In- 
trinsic factor may not be secreted at a con- 
stant rate in rat bile (too little or too much 
would be ineffective); 2) The considerable 
non-radioactive By. content of bile(11-13) 
may intermittently be great enough to satu- 
rate all the intrinsic factor present. (We 
find an average of 3,000 to 5,000 wug Bys nor- 
mally present in 1 ml of rat bile by Huglena 
gracilis(21) assay.) Indeed, an unsuspected 
large isotope dilution effect may explain the 
apparent inhibition of By. uptake by rat bile 
reported by others(22,23), whose analyses 
revealed only 3 pug Bis per ml rat bile; 3) 
There may not be intrinsic factor in bile. 


Summary. Four lines of evidence are pre- 
sented suggesting that rat and human bile 
may contain intrinsic factor: 1. Human, and 
to a lesser extent rat, bile enhances Co®%?-B,»5 
uptake by rat liver homogenate. 2. Some 
rat bile specimens enhance Co®-B,. uptake 
by everted sacs of rat small intestine. 3. 
Some rat bile specimens appear to substitute 
for rat intrinsic factor in a gastrectomized 
rat. 4. In Ouchterlony agar double diffu- 
sion analysis a reaction of identity was 
formed by human bile and intrinsic factor 
concentrates from hog, rat, and human 
sources to antibody induced by injection of 
purified hog intrinsic factor concentrate. If 
these findings in fact indicate that bile con- 
tains intrinsic factor, it is possible that an 
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enterohepatic circulation of intrinsic factor 
exists as a further phase of its activity with 
relation to Vit. Bio. 


The authors are indebted to Rebecca Fisher, Bar- 
bara Bean, and Laurie Dancy for technical assis- 
tance; to Drs. Jack Remington and Matthew D. 
Scharff for advice on immunologic technique; and 
to Dr. Shu Chu Shen who performed the rat gas- 
trectomy. 
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Suppression of Tubular Secretion of Urate by Pyrazinamide in the Dog.* 


(26790) 


T. F. Yt, L. BERGER, aNp A. B. GuTMAN 
Dept. of Medicine, Mount Sinai Hospital, New York City 


Pyrazinoic acid and its amide, pyrazina- 
mide (an antituberculous agent), decrease 
renal excretion of urate in man, causing hy- 
peruricemia(1-3). This is not due to less 
urate filtered at the glomerulus(3), hence the 
fall in Cyrate must be ascribed to modifica- 
tion in the tubules, but whether it is the re- 
sult of decreased tubular secretion or in- 
creased tubular reabsorption of urate has not 
been determined(3). The present study, 
using stop-flow and standard clearance pro- 
cedures, indicates that, at least in the Dalma- 
tian coach hound and apparently also in the 
non-Dalmatian dog, pyrazinamide suppresses 
tubular secretion of urate. 

Methods. Eight experiments were carried 
out in female Dalmatian coach hounds, 7 in 
female mongrel dogs. The dogs weighed 17- 
21 kg. Anesthesia was not used, except for 
stop-flow studies (pentobarbital sodium, 30 
mg/kg). Standard renal clearance technics 
were employed, usually under conditions of 
moderate mannitol or saline diuresis, with 
appropriate amounts of creatinine and urate 
added to the infusion. In 7 standard clear- 
ance experiments a priming dose of 0.5 g 
pyrazinamide was delivered rapidly, within 
6 minutes, without concomitant mannitol di- 
uresis; in the remaining studies a priming 
dose of 1.0 or 0.75 g pyrazinamide was de- 
livered over 18 to 27 minutes, and mannitol 
diuresis was employed. Following the prim- 
ing dose, a sustaining infusion of pyrazina- 
mide was given at a constant rate, variously 
2 to 10 mg/min. Urine and plasma speci- 
mens were collected for 56 to 87 minutes 
after pyrazinamide priming. [Each collection 
period was 10 to 15 minutes in duration. 

Three stop-flow studies were carried out, 
as previously described(4). Control stop- 
flow collections were frst made, then pyra- 
zinamide was infused as described. After 45 
to 60 minutes, when a maximum pyrazina- 


* Supported in part by a grant-in-aid from Nat. 
Inst. of Arthritis and Metab. Dis., N.I.H. 


mide effect was anticipated, stop-flow urine 
samples were again collected. The analyti- 
cal technics employed were as previously 
described (4). 

Results. Dalmatian coach hound. Table 
I cites a representative standard clearance 
study, showing a fall in Cyrate/Cereatinine {rom 
a mean control ratio of 1.40, indicative of 
tubular secretion of urate, to a minimum ra- 
tio of 0.91 after infusion of pyrazinamide. 
Table IT indicates definite declines in Cyrate/ 
Cereatinine In 5 Of 8 such experiments, little or 
none in the others in which only 0.5 g pyra- 
zinamide was given to prime. Corate fell 
sharply in the 3 experiments in which a 1.0 g 
priming dose was used. The glomerular fil- 
tration rate, as measured by Coreatinine, held 
relatively steady in most experiments; 
UVurate Was variably affected; Purate tended 
to rise with constant urate infusion rates. 

Fig. 1 gives the results of a stop-flow study 
before and after injection of pyrazinamide in 
a Dalmatian coach hound infused with urate 
at a rate of 5 mg/min. In the prestasis free 
flow periods of the control study, the mean 
Wy pirates bereatininemekatlOuswasie lh34-m with 
urine flow 8.2 ml/min., Purate 3.0 mg% and 
W/Pereatinine 4-11 ml/min? Poststasis, ‘the 
UW / Pirate: UZ Pereatinine ratios also uniformly 
exceeded unity, with a peak value of 2.0 in 
the proximal segment (7.e., in urine samples 
constituting the 80-100% aliquot of the 
tubular volume and the site of peak PAH se- 
cretion) ; and in the more distal tubular seg- 
ments the ratios approximated 1.58. In the 
poststasis free flow periods the U/Purate: 
U/Prerecatinine ratios returned to prestasis lev- 
els. After injection of pyrazinamide the prox- 
imal and distal secretory peaks for urate were 
almost completely abolished (Fig. 1), the 
U/Parate: U/Percatinine ratios now approximat- 
ing unity. Secretion of PAH, in contrast, was 
comparatively little affected by pyrazinamide. 

Mongrels. In the experiments with non- 
Dalmatian dogs (Table II), net tubular se- 
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TABLE I. Representative Experiment Showing Effect of Pyrazinamide on Urate Excretion in 
Dalmatian (#2147, 16.5 kg, 2). 


Oreste 
Vi, Corentiaines races UVaurate; Curate, 
Time, min. ml/min. ml/min. mg % mg/min. ml/min. Crrentinine 
0- 5 Infuse creatinine 2.0 g 
5 S, started: 0.175% creatinine, 15% mannitol, 0.05% urie acid, 10 ml/min, 
45— 75 15.5 58.0 2.9 2.35 81.0 1.40 
75— 96 Pyrazinamide 1.0 g intrav. 
96 S, replaces S,: Pyrazinamide 1.0 g in 1000 ml §,, 10 ml/min. 

96-105 Toth 49.3 4.0 2.20 54.8 eset 
105-135 22.7 57.8 4.9 2.73 55.6 96 
135-155 22.2 57.6 5.3 2.90 54.8 95 
155-173 19.4 51.8 5.9 2.60 47.2 ool 

cretion of urate was not demonstrated The results of a stop-flow experiment be- 


(Curate/Cereatinine <1) presumably because 
urate loads and mannitol diuresis were mod- 
erate and adjuvant uricosuric agents were 
not employed (cf. #4). Nevertheless, some de- 
cline in Corate/Cereatinine Occurred in the 5 ex- 
periments in which 1.0 or 0.75 g pyrazina- 
mide was given as a priming dose. There 
was no consistent effect on glomerular filtra- 
tion rate; changes in UVurate and Pyurate were 
variable. In general, the effects of pyrazina- 
mide in the mongrels were similar to those 
observed in the Dalmatians but the decrease 
in Cyrate/GFR was somewhat less _pro- 


fore and after injection of pyrazinamide are 
shown in Fig. 2. In the control study, 
U/Purate: U/Pereatinine averaged 0.62 in both 
prestasis and poststasis free flow periods, 
with urine flow 11.8 ml/min, Purate 8.4 mg%, 
U/Pereatinine 2.99 ml/min. A characteristic 
dip in the U/Purate: U/Pereatinine Curve, indi- 
cative of net tubular reabsorption of urate, 
is noted in the proximal tubule. As shown in 
Fig. 2, this proximal segment of the curve 
was not altered by pyrazinamide, but there 
was a discernible decline in U/Purate: U/P 
creatinine Tatios in the more distal portions of 


nounced. the tubule. Little suppressive effect on PAH 
TABLE II. Effect of Pyrazinamide on Urate Excretion in Dogs. 
PZA dose 
Sustain- (Os, 
Prime, ing, iV; Castine, iperates WiVirrater Cheney = as 
Dog g mg/min. m]/min. ml/min. mg % mg/min. ml/min. Ot: 
C E C EB Cee: C E Cc E E 
Dalmatian 
2147 1.0 10.0 15.5 20.8 58.0 54.7 2:9 5.4 2:80 279 81.0 50.9 1.40 .93 
2190 1.0 10.0 LTO 20. 5 6928 BH) By) 2.53 3.05 72.3 43.7 1.40  .63 
2190 1.0 10.0 A002 QA Fatal Bl By) 2.92, 2.37 90.6 60.8 1.45 .86 
1834 AD) 15.0 320i One Golam Onl 5.8 7.6 5.69 6.54 98.0 86.0 1.29 1.238 
OO WN lem Eg? o 5.5 3.7 4.8 81.6 80.4 WEY ge) 82 1.06 63.1 55.8 ate — dol 
CC Nie 45) 4.0 WA Nee Pies! BE a) 3.0 4.0 85 92 28.3" 23.0 1.02 .68 
SMa. 5 2.0 8 8 25.4 31.0 14 1.4 sites EEA 52.2 50.8 2.06 1.63 
cies elie 55 2.0 3.9 6.6 80.4 84.0 Pay) “ilegs) 2.16 1.96 98.2 109 1.22 1.30 
Non-Dalmatian 
2334 1.0 10.0 15.38 22.4 73.4 85.4 1.9 2.0 239  gSiY/ 45.3 43.5 62 35 
2316 1.0 10.0 13.0 21.1 48.9 56.4 2.6 4.9 OV. 41.2 31.4 84 56 
2508* 1.0 8.5 UL 25:35 S1k3ie 8373 tlds) Dei 4.54 5.07 58.2 52.3 12. 63 
2453* 1.0 10.0 26.6 22.6 71.0 58.0 8.6 11.4 SOOM OS 46.3 29.1 65 .50 
2334 US 9.0 25.1 21.8 90.0 84.8 40 3.9 2.83 2.18 70.8 55.9 79° 266 
BOM gy 5 4.0 1 OO: OR G3:ome7GrG 2.3 2.8 LS. 20.4 27.9 32 © 30 
Seen eas 5 4.0 10) 2a) 664 677, 4.7 4.0 1.62 1.39 35.5 34.8 753- .olll 


C = mean of 3 or 4 control periods. 


E = mean of last four 10-15 min. experimental periods. 


* Urate was infused at 32 mg/min.; in the remaining experiments rate of infusion ranged between 2- 


10 mg/min. 
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FIG. 1. Stop-flow U/Purate: U/Pereatinine ratios 
(above) in a Dalmatian dog before and after inj. 
of pyrazinamide. Proximal and more distal secre- 
tory urate peaks were almost completely abolished 
by pyrazinamide. There was little decrease in PAH 
secretion (lower curves). 

FIG. 2. Stop-flow U/Purate: U/Pereatinine Tatios 
(above) in a mongrel before and after inj. of pyra- 
zinamide. The proximal trough, indicative of tubu- 
lar reabsorption of urate, was unaffected by pyra- 
zinamide whereas U/P ratios of the more distal 
peak were reduced. There was comparatively little 
decrease in PAH secretion (lower curves). 
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secretion was again noted. 

Discussion. The Dalmatian coach hound 
is peculiarly suited to investigation of the 
problem at hand, that of determining whether 
a decline in Cyrate/GFR is due to decreased 
tubular secretion or increased tubular reab- 
sorption of urate. This distinction ordinarily 
cannot be made in over-all clearance studies 
but, in the Dalmatian, since tubular reab- 
sorption of urate is defective whereas urate 
secretion is readily demonstrable(4,5), it 
seems permissible, because of this dissocia- 
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tion, to attribute lowering of Cyrate/GFR by 
a drug to suppression of tubular secretion of 
urate. It is shown that pyrazinamide in ap- 
propriate dosage does, in fact, unequivocally 
depress Curate/GFR in this species. The in- 
ference that this is due to suppression of tub- 
ular secretion of urate is fully borne out by 
the demonstration of abolition of the secre- 
tory peaks for urate in stop-flow curves. 


It is shown further in these studies that 
pyrazinamide in appropriate dosage also de- 
presses Cyrate/GFR in the non-Dalmatian 
dog, although apparently somewhat less 
markedly. This effect likewise appears to be 
due to suppression of tubular secretion of 
urate. The conditions of the experiments 
herein cited were not such as to demonstrate 
net secretion of urate in mongrels (cf. 4). 
Nevertheless, stop-flow studies reveal no al- 
teration by pyrazinamide in the low U/Purate: 
U/Pereatinine Yatios in the proximal tubule, 
the site of net reabsorption of urate in the 
mongrel(4,5), but a distinct decline in the 
higher? Ui Purste: U/ Perestnine ratios in the 
more distal tubular segments, where net se- 
cretion of urate can be demonstrated, under 
appropriate experimental conditions, in the 
non-Dalmatian as well as Dalmatian dog 
(4). 

Pyrazinamide causes much less reduction 
in Cyrate/GFR in the dog, certainly in the 
mongrel, than in man(3). The qualitative 
effects on urate clearance and other discrete 
renal functions appear to be comparable, 
however. This applies also to the relative 
immunity of PAH to pyrazinamide in man 
(3) and dog, at least when compared to other 
drugs affecting tubular transport of urate, 
such as probenecid(6). In the chicken, on 
the other hand, pyrazinamide has no effect 
on tubular secretion of urate, except in mas- 
sive dosage(7). The chicken differs mark- 
edly in its response to a variety of other 
drugs which affect tubular transport of urate 
in man and dog in a similar manner (7). 

The results in the dog may well bear upon 
the original question(3), whether urate re- 
tention caused by pyrazinamide in man is 
due to decreased tubular secretion or in- 
creased tubular reabsorption of urate. At 
the time these alternatives were suggested, 
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tubular reabsorption of urate was well known 
to occur in man(8) whereas evidence for tub- 
ular secretion of urate, except perhaps for one 
abnormal instance(9), was lacking. Such 
evidence has since been secured, under ap- 
propriate experimental conditions, in normal 
man(10), as well as in the rabbit(11) and 
dog(4,5,12), suggesting that the mammalian 
kidney does indeed possess the capacity for 
tubular secretion of urate. There appears 
to be at least one precedent for inhibition of 
tubular secretion of urate in man, the re- 
tention of urate caused by salicylate in low 
dosage, presumably by competition with 
urate for active tubular transport(13). 

Summary. Pyrazinamide depresses Cyrate/ 
GFR in the Dalmatian and non-Dalmatian 
dog. Stop-flow studies revealed unequivocal 
suppression of tubular secretion of urate in 
the Dalmatian and gave no indication of en- 
hancement of tubular reabsorption of urate 
in the non-Dalmatian. 
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Studies on the Sex Difference in Toxicity of a Cholinergic 


Phosphorothioate.* 


(26791) 


KENNETH P. DuBols AND ELIZABETH PUCHALA 
Dept. of Pharmacology, University of Chicago, Chicago, Ill. 


A sex difference in the acute toxicity of 
parathion to rats was observed in this lab- 
oratory in 1949(1). Subsequent studies 
have established that male rats exhibit 
greater resistance than females to a number 
of other phosphorothioates. The mechanism 
underlying this effect has been difficult to 
investigate in intact animals because the 
magnitude of the sex difference in suscepti- 
bility is generally relatively small. During 
measurements of the influence of structural 
changes on the toxicity of some phosphoro- 
thioates we observed a 10-fold sex difference 
in susceptibility of rats to 0,0-diethyl 
0-(4-methylthio-m-tolyl) | phosphorothioate 


* Supported by a grant from U. S. Public Health 
Service. 


(DMP; Bayer 29492). This compound has 
the following chemical structure: 


CHO 
We Y S-SCH 
it = 
S N 


C,H;O 
‘ CH, 


The magnitude of the sex difference in sus- 
ceptibility of rats to this phosphorothioate 
was sufficient to permit a study of factors 
which might be responsible for the greater 
resistance of male rats. The present com- 
munication describes the mammalian toxicity 
and anticholinesterase activity of DMP and 
provides evidence that the liver, under the 
influence of androgens, is responsible for the 
resistance of males toward the acute toxicity 
of this organic phosphate. 


SEX DIFFERENCE IN PHOSPHOROTHIOATE TOXICITY 


TABLE I. Acute Toxicity of DMP to Mammals. 


; No. of LDso 
Species Sex Route animals (mg/kg) 
Rats fe) 112% 50 22 
ie a - 52 200 
- fe) Oral 40 14 
” é ” 40 95 
Mice Q TBs 35 25 
a a > 40 35 
Guinea pigs ¢ * 32 30 


Materials and methods. Male and female 
Sprague-Dawley rats weighing between 175 
and 250 g were used unless otherwise speci- 
fied. Young male guinea pigs (ca 200 g) 
and Carworth Farms mice (ca 20 g) were 
used. The organic phosphates, which were 
kindly supplied by the Chemagro Corp., 
Kansas City, Mo., were dissolved in a mix- 
ture of 20% ethanol and 80% propylene gly- 
col and concentration of toxic agent was so 
adjusted that animals always _ received 
amounts of solution equivalent to less than 
1% of their body weight. Testosterone pro- 
pionate was dissolved in sesame oil (2 mg/ 
ml) and administered subcutaneously. Cho- 
linesterase assays were performed manome- 
trically by the method of DuBois and Man- 
gun(2). In the toxicity measurements ani- 
mals were observed for 10 days and LDs5o 
values were calculated from the mortality 
data by the logarithm-probability method. 

Results. Table I shows the acute toxicity 
of DMP to rats, mice and guinea pigs. These 
results indicated that this compound has a 
relatively high and similar toxicity to mam- 
mals with the exception of male rats which 
exhibited a marked resistance. The 10-fold 
difference in susceptibility of male and fe- 
male rats to DMP given intraperitoneally 
greatly exceeds the magnitude of the sex dif- 
ferences noted previously with other phos- 
phorothioates. It was sufficiently great to 
permit further toxicity experiments to clarify 
the factors responsible for this effect. 

The symptoms produced by DMP were 
typical of those caused by cholinergic phos- 
phorothioates. Following administration of 
the compound to rats the cholinesterase ac- 
tivity of peripheral tissues and brain was 
markedly inhibited. Fig. 1 shows. the inhibi- 
tory action of a sublethal dose (125 mg/kg) 
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of DMP on cholinesterase activity of brain, 
submaxillary glands and serum of male rats 
and rate of reversal of the inhibition. Each 
point on the curves represents an average for 
tissues from 3 animals. Maximum inhibition 
occurred within 6 hours and persisted for 
about 24 hours after which gradual reversal 
occurred. Similar measurements performed 
on female rats given 13.75 mg/kg, which is 
the same fraction of the LDso used for the 
assays on males, demonstrated that equitoxic 
doses produce the same amount of inhibition 
of cholinesterase and the same rate of re- 
covery in males and females. 

Phosphorothioates do not have anticholin- 
esterase activity but they are converted to 
toxic metabolites in vivo by the liver of mam- 
mals through replacement of the sulfur of 
the thiophosphate linkage by oxygen(3,4,5). 
The resulting oxygen analogues are, there- 
fore, directly responsible for the toxicity and 
anticholinesterase activity. Measurements 
of the toxicity of the oxygen analogue of 
DMP (0,0-diethyl 0O-[4-methylthio-m-tolyl | 
phosphate) to rats (Table II) demonstrated 
that there is no sex difference in rats to this 
highly toxic compound, suggesting that the 
sex difference in acute toxicity of the parent 
compound may be due either to a difference 
in rate of conversion of the sulfur to the oxy- 
gen analogue or rate of detoxification of the 
sulfur analogue. 

In a search for information on factors in- 
volved in the sex difference in toxicity of 
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FIG. 1. Rate of decrease and recovery of cholines- 
terase activity of tissues from male rats after in- 


traper. inj. of DMP (125 mg/kg). A. Brain, 


B. Submaxillary. C. Serum, 
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TABLE II. Acute Toxicity of the Oxygen Ana- 
logue of DMP to Rats. 


No. of LDso 

Sex Route animals (mg/kg) 
Q 1iei 2% 35 5.7 
$ # 30 5.8 
Q Oral 35 9.0 
3} id 40 12.0 


DMP the possibility was considered that the 
liver, under some regulatory influence of an- 
drogens, was responsible. A number of toxi- 
city tests were, therefore, conducted on male 
rats subjected to partial hepatectomy, castra- 
tion, and treatment with androgens. The re- 
sults are summarized in Table III. At 2 
days after removal of the lateral and medial 
lobes of the liver the resistance of male rats 
to DMP was absent as indicated by a de- 
crease in LD; from 200 to 16 mg/kg. When 
the liver was allowed to regenerate for 14 
days, the animals reacquired most of their 
resistance. However, when males were cas- 
trated, subjected to partial hepatectomy one 
week later and treated with DMP at 14 days 
following hepatectomy they failed to regain 
their resistance. This finding suggested that 
development of the system in the liver which 
accounts for the resistance of male rats to 
DMP is under the influence of androgens. 
This possibility received further support by 
repetition of this experiment with addition 
of daily subcutaneous injections of testoster- 
one (2 mg/kg/day) from time of hepatec- 
tomy until DMP was given. The approxi- 
mate LD;») of DMP to these animals was 150 
mg/kg. Other evidence for the possible role 
of androgens as a factor involved in the resis- 
tance of males was obtained by measuring 
TABLE III. Influence of Partial Hepatectomy, 


Castration and Testosterone Treatment on Acute 
Toxicity of DMP to Male Rats. 


Novot  I-PeLDE, 
Treatment animals (mg/kg) 
None 50 200 
2 days after partial hepatectomy 35 16 
14 days after partial hepatectomy 32 160 
14 days after partial hepatectomy 24 25 
and castration 
Idem, and testosterone (2 mg/ 31 140 
kg/day) 
14 days after castration 32 175 


Sex DIFFERENCE IN PHOSPHOROTHIOATE TOXICITY 


the toxicity of DMP to young male rats. The 
LDso for 23-day-old males was 15 mg/kg and 
at 45 days of age the value was 210 mg/kg. 
The resistance was, therefore, acquired within 
the period of puberty in male rats(6). 

Additional experiments were performed on 
adult female rats to ascertain whether their 
high susceptibility could be altered by treat- 
ment with testosterone. For these measure- 
ments normal and ovariectomized female rats 
were given 2 mg/kg of testosterone propio- 
nate for a period of 30 days. The LD;o of 
DMP to these animals increased from 25 to 
about 100 mg/kg. Ovariectomy itself had 
no effect on the susceptibility. At 24 hours 
after a single dose of testosterone propionate 
(2 mg/kg) no effect was noted on the suscep- 
tibility of female rats to this toxic agent in- 
dicating that testosterone does not exert a 
direct activating effect on the system respon- 
sible for the resistance. 


Discussion. The toxicity of phosphoro- 
thioates is governed by 3 biochemical reac- 
tions, namely (a) rate and extent of meta- 
bolic conversion in the liver to their oxygen 
analogues, (b) potency of the oxygen ana- 
logues as inhibitors of cholinesterase and (c) 
rate and extent of detoxification of parent 
compounds and oxygen analogues. Our find- 
ing that there is no sex difference in the toxi- 
city of the oxygen analogue of DMP to rats 
eliminated anticholinesterase action and de- 
toxification of the oxygen analogue from fur- 
ther consideration in this study. It, there- 
fore, seemed likely that either the rate of 
metabolic conversion of DMP to its oxygen 
analogue or detoxification of the parent com- 
pound was responsible for the sex difference 
in susceptibility. 

Previous studies in this laboratory(7) 
have shown that the concentration of the en- 
zyme which catalyzes the desulfuration of 
phosphorothioates is higher in livers of males 
than of female rats. On this basis males 
would be expected to be more susceptible 
than females unless the rate of metabolic con- 
version to the toxic oxygen analogue by the 
livers of male rats is inhibited in vivo by 
some factor which is absent from in vitro liver 
systems. The biochemical reactions involved 
in detoxification of this phosphorothioate 


COENZYME Q METABOLISM 


have not been investigated. It, therefore, re- 
mains to determine the exact biochemical 
mechanism responsible for the sex difference 
in toxicity of DMP and other phosphorothio- 
ates. However, through the use of partially 
hepatectomized male rats the liver was found 
to be the organ directly responsible for the 
sex difference in susceptibility. Experiments 
with partially hepatectomized, castrated and 
testosterone-treated male rats, as well as 
weanling males, provided information sug- 
gesting that synthesis of some component of 
a system in liver which affects the toxicity of 
phosphorothioates to male rats is stimulated 
by testosterone. These findings may, there- 
fore, serve as a basis for further studies aimed 
at identification of the exact biochemical 
process responsible for the sex difference in 
susceptibility of rats to phosphorothioates. 
Summary. Measurements of the acute 
toxicity of DMP, a new cholinergic phos- 
phorothioate, demonstrated that it has a high 
toxicity to female rats, male and female mice 
and male guinea pigs as evidenced by intra- 
peritoneal LD; 9 values ranging from 22 to 
35 mg/kg. An exception was noted in the 
case of male rats to which the intraperitoneal 
LDs5 9 was 200 mg/kg. DMP inhibits cholin- 
esterase activity of brain and peripheral tis- 
sues in vivo. The LDs59 of the oxygen ana- 
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logue of DMP was 5.8 mg/kg to male rats and 
there was no sex difference in susceptibility. 
The 10-fold resistance of male rats to the 
toxicity of DMP was absent at 2 days after 
partial hepatectomy. At 14 days after par- 
tial hepatectomy males regained their resis- 
tance unless they were castrated before he- 
patectomy. Injection of testosterone caused 
redevelopment of resistance in hepatecto- 
mized, castrated rats. The results of these 
experiments indicate that some system in the 
liver is responsible for the resistance of male 
rats to DMP and that androgens govern the 
development of this system. 
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Though the origin of the substituted benzo- 
quinone ring of the coenzyme Q molecule 
still remains uncertain, the mechanism of bio- 
synthesis of the isoprenoid side chain appears 
to be well established. Incorporation of in- 
traperitoneally administered labeled meva- 
lonic acid into rat liver coenzyme Q has been 
reported by Gloor and Wiss(1,2); Dialameh 
and Olson(3) have since observed that ace- 
tate-C! also serves as a precursor of the iso- 
prenoid side chain, in vivo, in the rat. Bio- 


* Preliminary report has been published(18). 


synthesis of the side chain of coenzyme Q 
from these 2 labeled precursors, both im vivo 
(4-6) and in vitro(6,7) have been confirmed 
by others. The well known involvement of 
coenzyme A in biosynthesis of isoprene units 
and of mevalonic acid from 2 carbon frag- 
ments, suggested a study of the relation of 
coenzyme Q metabolism to pantothenic acid 
status of the animal. Observations on endo- 
genous tissue levels of coenzyme Q as well as 
on its biosynthesis im vivo and in vitro from 
labeled precursors in pantothenic acid de- 
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TABLE I. Intracellular Distribution of Coenzyme Q. 


— Coenzyme Q, uneg/g———-———_ Succinoxi- 
Pantothenic dase 
acid, Whole Mito- Miecro- Super- activity, 
Group* ug/g liver Nuclei chondria somes natant yl O./hr/g 
P-supplemented 183.7+ 6.1 127+7.6 387+41 4842.7 1943.1 741.6 1284+ 69 
P-deficient 79.6 +11.2 1033.1 3883256 364241 17 +41 6224 963 = TA 


Results are avg of 4 independent observations + stand. error of mean, and are expressed on 


fresh weight basis. 
* P — Pantothenic acid. 


ficiency are presented and discussed in the 
light of other reported observations. 
Experimental. Induction of deficiency. 
Deficiency of pantothenic acid was induced 
by feeding weanling male rats (Wistar 
strain) a purified casein ration, devoid of the 
vitamin, for 8 weeks (for details, cf. 18). The 
control group received a supplement of 20 mg 
calcium pantothenate, per kg of diet, through- 
out the experimental period. To one batch 
of rats fed the deficient diet for 8 weeks, 
calcium pantothenate (10 mg/rat) was ad- 
ministered intraperitoneally, and the animals 
were sacrificed at intervals of 0, 8, 24 and 48 
hours from time of administration. 
Determinations. The livers were quickly 
excised, chilled in isotonic sucrose (0.25 M) 
and made into 10% homogenates in the same, 
using a Potter-Elvehjem type homogeniser. 
Separation of the homogenate into the sub- 
cellular fratcions was carried out by the pro- 
cedures of Schneider and Hogeboom(8) and 
of Palade and Siekevitz(9). The nuclei and 
mitochondria were separated at 700 * g and 
at 5000  g for 10 minutes each, in a PR-2 
International refrigerated centrifuge, and the 
microsomes were sedimented at 105,000 « g 
for 60 minutes in a Spinco model L prepara- 
tive ultracentrifuge. The supernatant frac- 
tion was further freeze-dried. Total panto- 
thenic acid content(10) and _ succinoxidase 
activity(11) of liver were assayed essentially 
as detailed by the respective authors, while 
coenzyme Q in the unsaponifiable liver lipids 
was chromatographically purified by the 
method of Festenstein e¢ al.(12) with minor 
modifications. Absorption of the oxidised 
and reduced forms (after addition of potas- 
sium borohydride) at 272 my» was read on a 
Beckman model DU Spectrophotometer (13). 
Studies on in vivo and in vitro incorpora- 


tion of labeled precursors. Four animals 
from each group were fasted overnight, in- 
traperitoneally administered either 0.5 ml 
acetate U-C!* (20 yc) or mevalonate-2-C% 
(10 pc), and were sacrificed 4 hours later. 
The livers were removed, and coenzyme Q 
was isolated from the unsaponifiable lipids by 
chromatography on alumina. The fractions 
containing the coenzyme Q were rechromato- 
graphed and the radioactivity of 2 samples 
pooled together was counted at infinite thin- 
ness on stainless steel planchets employing 
the Tracerlab SC-16 windowless flow gas 
counter in conjunction with Tracerlab SC-51 
autoscaler. After counting, the coenzyme Q 
in the planchets was determined spectropho- 
tometrically. 

For studies on im vitro incorporation, liver 
slices, prepared using a Stadie tissue slicer 
(A. H. Thomas Co., U.S.A.), and weighing 
500 mg from animals of both groups were in- 
cubated in Warburg flasks open to atmos- 
phere and containing 10 »M mevalonate-2- 
C™ (10 pe) along with 3 »M disodium salt 
of adenosine triphosphate, and 60 »M glucose 
in 4.0 ml of Krebs-Ringer phosphate buffer, 
pH 7.2. At the end of incubation period, the 


TABLE II. Effect of Administration of Panto- 
thenie Acid to Deficient Rats. 


Coenzyme Q, ug/g 


Hr after Suceinoxidase 
adminis- Whole Mito- activity, 
tration liver chondria ul O./hr/g 
0 103 == 3.1 36 + 4.1 963 + 74 
8 VA se 4.7 40 + 3.6 1048 + 42 
24 124 + 6.3 47 +1.4 1213 + 36 
48 129 + 3-1 45+ 9 1246 + 98 


Calcium pantothenate (10 mg) was inj. intraper. 
to deficient rats and animals sacrificed 0, 8, 24 and 
48 hr later. 

Results are avg of 4 independent determinations 
+ stand. error of mean and are expressed on fresh 
liver weight. 
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TABLE ITI. Incorporation of Acetate-C™ and Mevalonate-2-C" into Rat Liver Coenzyme Q 
In Vivo. 


Incorporation into coenzyme Q from 


Acetate-C™ 
Total counts, 


Specific activity, 


Meyalonate-2-C™ 
Total counts, Specific activity, 


Group* epm epm/mg epm epm/mg 
P-deficient 144 + 42 8381+ 62 654+ 35 3316 + 269 
P-supplemented 336 + 71 1864 + 221 957 + 104 4456 + 492 


Four animals from each group were fased overnight and administered intraper. either ace- 
tate-U-C™ (20 we) or mevalonate-2-C"™ (10 we) and were sacrificed 4 hr later. 
Results are avg of 4 independent determinations + stand. error of mean. 


* P = Pantothenie acid. 


suspending medium was decanted off, the 
slices washed twice with Krebs-Ringer phos- 
phate buffer, and radioactivity and spectro- 
photometric determinations of coenzyme Q 
in pooled slices carried out as described 
earlier. 

Results and discussion. The changes in 
liver stores of coenzyme Q and its intracellu- 
lar distribution in pantothenic acid deficiency 
are presented in Table I. A decrease in level 
of coenzyme Q, particularly marked in the 
mitochondrial fraction, is paralleled by re- 
duction in succinoxidase activity. This par- 
allelism between mitochondrial coenzyme Q 
and succinoxidase activity would be con- 
sistent with the reported participation of co- 
enzyme Q in the succinoxidase system(14- 
kay) 

Administration of a single dose of calcium 
pantothenate to deficient animals restores the 
coenzyme Q levels, with concomitant increase 
in succinoxidase activity, to almost normal 
by the end of 24 hours (Table IT). 

That the decrease in liver stores of coen- 
zyme Q in pantothenic acid deficiency may 


TABLE IV. Incorporation of Mevalonate-2-C™ 
into Rat Liver Coenzyme Q In Vitro. 


Tneorporation into coenzyme Q 


Total counts, Specific activity, 


Group* epm epm/mg 
P-deficient 316 + 24 814+ 47 
P-supplemented 467 + 29 1162 = 113 


Liver slices (500 mg) were incubated in a system 
containing 10 ~M mevalonate-2-C (10 ye) along 
with 3 ~M disodium salt of adenosine triphosphate, 
and 60 »M glucose in 4.0 ml Krebs-Ringer phos- 
phate buffer, pH 7.2 for 3 hr. eee 

Results are avg of 4 independent determinations 
+ stand. error of mean. 


* P — Pantothenie acid. 


be due to decreased synthesis, because of the 
involvement of coenzyme A in biosynthesis 
of the isoprenoid side chain, appears to be 
fully borne out by studies on incorporation 
of labeled precursors into coenzyme Q, both 
in vivo and in vitro. The deficient animals 
show lesser incorporation of the label into 
coenzyme Q, more particularly seen with 
acetate (Table III). Jn vitro incorporation 
of mevalonate-C'* into coenzyme Q is far 
less than in vivo, and is possibly due to the 
lack of certain essential cofactors in the in 
vitro system, as has also been suggested by 
Phillips(7) (Table IV). 

Summary. 1. Pantothenic acid deficiency 
results in decreases in coenzyme Q and suc- 
cinoxidase activity of liver. Administration 
of pantothenic acid to the deficient animals 
results in a restoration to normal by the end 
of 24 hours. 2. The deficient animals show 
decreased incorporation of labeled acetate 
and mevalonate into liver coenzyme Q, indi- 
cating a decreased synthesis of the coenzyme 
Q as the possible cause of lowered liver levels 
of coenzyme Q in pantothenic acid deficiency. 


Grateful acknowledgement is made to Dr. O. 
Wiss, Hoffmann la Roche Ltd., Basle, Switzerland for 
the kind gift of mevalonic acid-2-C14 used in these 
studies. Our thanks are also due to the Indian Coun- 
cil of Medical Research for financial support and to 
Dr. V. Subrahmanyan, Director of this Institute, for 
his interest and encouragement. 
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Effect of Vanadium Administration on Coenzyme Q Metabolism in Rats. 
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During studies on the in vitro biosynthesis 
of cholesterol, Curran(1) observed a marked 
inhibitory effect of vanadium ions on incor- 
poration of acetate-C'* into cholesterol by 
liver homogenates. Similar observations on 
in vivo biosynthesis of cholesterol and of 
phospholipids in vanadium fed animals have 
been reported by others(2-4). 

While Azarnoff and Curran(5) indicated 
that the inhibition occurred between the 
stages of mevalonic acid and @-methyl cro- 
tonate, Wright et al.(6) suggested that vana- 
dium probably interfered with maintenance 
of adenosine triphosphate levels in the sys- 
tem and that this may impair the synthesis 
of phosphorylated intermediates from meva- 
lonic acid. This view is further substanti- 
ated by the report that exogenous adenosine 
triphosphate enhances the synthesis of cho- 
lesterol from mevalonic acid(7) and that in- 
hibitors of oxidative phosphorylation de- 
crease it(8). A similar inhibition of acetate 
incorporation into phospholipids in vitro by 
fluoride, cyanide, dinitrophenol and iodoace- 
tate has been shown earlier by Kline and De 
Luca(9). 

That the decreased synthesis of cholesterol 
may be due to a lowering in tissue stores of 


coenzyme A is suggested by the recent work 
of Mascitelli-Coriandoli and Citterio(10), 
who have observed considerable reductions 
in hepatic coenzyme A in rats administered 
vanadium either orally or parenterally. 
Other workers(4,11) have suggested that the 
metabolism of sulfur amino acids may be 
interfered with by vanadium, in which case 
a shortage might be postulated of the sulfhy- 
dryl reserves of the cell, notably of cysteine, 
that are needed for biosynthesis of coenzyme 
A. 

The well known involvement of coenzyme 
A in biosynthesis of isoprene units and of 
mevalonic acid from 2 carbon fragments and 
the reported incorporation(12-15) of these 
into the isoprenoid side chain of coenzyme Q 
prompted a study of the effect of vanadium 
administration on coenzyme Q metabolism. 

Experimental. Male weanling rats (Wis- 
tar strain) 40-50 g in weight were fed a 
purified 10% casein diet replete in all re- 
spects (cf. 16) for a period of 8 weeks. To 
one group of rats, ammonium vanadate (0.6 
mg/rat/week) was administered intraperi- 
toneally while control rats received an equal 
amount of distilled water. At the end of 8 
weeks, some animals from the vanadium ad- 
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TABLE I, Effect of Vanadium on Growth, Liver Content of Coenzymes A and Q and Suecinoxi- 
dase Activity. 


Growth, 
2/8 wk 


Group 


Suecinoxidase 
activity, 
ul O./hr/g 


Coenzyme A, Coenzyme Q, 
units/g ug/g 


10% easein diet 
Idem + intraper. admin. vanadium 


151.8 + 12.9 
JUG estes "lg 


164+ 11 
89 +17 


NPAT ae (LAS) 
Of a= 9.8) 


1304 + 32 
996 + 51 


Results are avg of 6 independent determinations + stand. error of mean and are on fresh 


weight basis. 


TABLE II. Intracellular Distribution of Coenzyme Q in Vanadium Administered Rat Liver. 


Group 


Whole liver 


Coenzyme Q, ug/g 
Mito- 
chondria 


Micro- 


Nuclei somes Supernatant 


10% casein diet 
Idem + intraper. admin. vanadium 


PA se 1/55) 
97 + 9.9 


387 + 4.1 
33 + 4.3 


48 + 2.7 
33 + 1.9 


19 + 3.1 
13+ 1.8 


7+1.6 
64+ 9 


Results are avg of 6 independent determinations + stand. error of mean. 


ministered group were given calcium panto- 
thenate (10 mg/rat) or l-cysteine hydro- 
chloride (10 mg/rat) or disodium salt of 
adenosine triphosphate (10 mg/rat) intra- 
peritoneally. A few rats were given all 3 
simultaneously. The animals were sacrificed 
24 hours after administration of these com- 
pounds by decapitation and the livers chilled, 
homogenised in isotonic sucrose and fraction- 
ated according to the procedures of Schnei- 
der and Hogeboom(17) and of Palade and 
Siekevitz(18). 

Coenzyme A, coenzyme Q and succinoxi- 
dase activity of liver were determined as de- 
scribed earlier(16). 

Results and discussion. Vanadium. admin- 
istration results in a lowering of liver stores 
of coenzyme A (CoA), coenzyme Q (CoQ) 
and succinoxidase (S.O. activity (Table I). 
The intracellular distribution of coenzyme 
Q shows a marked reduction in the mitochon- 
drial fraction with no significant changes in 


the other fractions (Table II). These 
changes are similar to those obtained in pan- 
tothenic acid deficiency(16,19) and are sug- 
gestive of a primary interference by vana- 
dium in the metabolism of either pantothenic 
acid or its functional form, coenzyme A. 
Since a primary lowering in coenzyme A 
level may lead to decrease in the coenzyme Q 
stores in liver, the protective effects of ad- 
ministering calcium pantothenate, l-cysteine 
hydrochloride and disodium salt of adenosine 
triphosphate either individually or together 
on liver levels of coenzymes A and Q were 
studied. The results are presented in Table 
III. No significant restorative effect was ob- 
servable with calcium pantothenate or ATP 
alone, but cysteine was partially effective. 
The 3 together almost completely reversed 
the changes due to vanadium administration. 
The results point to an interference by vana- 
dium in biosynthesis of coenzyme A, possibly 
through its effect on tissue sulfhydryl(4) and 


TABLE III. Protective Effects of Pantothenic Acid, Cysteine and Adenosine Triphosphate 
against Vanadium Treatment. 


Compounds administered 


Coenzyme A, Coenzyme Q, Succinoxidase ac- 

Ca-P CSH AINE: units/g ug/g tivity, ul O./hr/g 
+ — — 98 + 13 98 + 8.4 984 + 52 
— + —_ ee {) iO) a 7/Al 1144 + 36 
_ — + HG) ste 7 106 + 4.5 1086 + 49 
+ + -- 143 + 12 1243) ae (all IAG ae (7k 


Calcium pantothenate (Ca-P) (10 mg/rat), l-cysteine hydrochloride (CSH) (10 mg/rat) and 
disodium salt of adenosine triphosphate (ATP) (10 mg/rat) were given intraper. and the ani- 


mals sacrificed 24 hr later. 


Results are avg of 4 independent determinations + stand. error of mean and are expressed 


on fresh weight basis. 
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adenosine triphosphate(6) reserves. 

Summary. Vanadium administration re- 
sults in decreases in coenzyme A, coenzyme 
Q and succinoxidase activity in rat livers. A 
marked protection against these changes is 
afforded by simultaneous administration of 
calcium pantothenate, l-cysteine hydro- 
chloride and disodium adenosine triphos- 
phate. The results are discussed in relation 
to other reported observations on the effects 
of vanadium administration. 


Our thanks are due toe the Indian Council of 
Medical Research for a research grant and to Dr. V. 
Subrahmanyan, Director of this Institute, for his in- 
terest and encouragement. 
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Cytochrome Oxidase in Radiosensitive and Radioresistant Amoebae.* 


(26794) 


Joun F. THOMSON AND EpwaArD W. DANIELS 
Division of Biological and Medical Research, Argonne National Laboratory, Argonne, IIl. 


Two species of the giant amoeba Pelomyxa 
are known to differ by a factor of approxi- 
mately 10 in their sensitivity to x-radiation. 
The x-ray LD59 for P. carolinensis is about 
100 kr(1-3), whereas that for P. illinoisensis 
is about 10 kr(2,4,5). It seemed possible 
that there might be some fundamental meta- 
bolic difference responsible for this wide dis- 
similarity in radiosensitivity. Very little is 
known about the metabolic characteristics of 
P. illinoisensis. However, P. carolinensis is 
known to contain cytochrome pigments(6), 
and 70% of its respiration is cyanide-sensi- 
tive(7). Mller and Prescott(6) were un- 

* This work was performed under the auspices of 
U. S. Atomic Energy Commission. 


able to demonstrate absorption peaks charac- 
teristic for cytochrome c by direct spectro- 
photometric examination of ruptured cells, 
and several investigators have failed to de- 
tect cytochrome c oxidase activity (see 6). 
Mgller and Prescott suggested that a cyto- 
chrome e-cytochrome e oxidase system was 
operating as the terminal oxidase in P. caro- 
linensis. 

It occurred to us that P. illinoisensis might 
contain cytochrome c oxidase, in contrast to 
the more radioresistant species. Thus we as- 
sayed the 2 species for this enzyme. We have 
found, however, that both species contained 
approximately the same amount of cyto- 
chrome ¢ oxidase activity, although the sys- 
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tem is rather labile, particularly in P. caro- 
linensis. For comparative purposes we 
looked for this enzyme in Amoeba proteus. 
This large uninucleate amoeba is radioresis- 
tant, with an LDso of at least 120 kr(2,3,8). 


Methods. The Pelomyxa species (Illinois 
strains, isolated by Kudo(9,10)) were grown 
on Paramecium multimicronucleatum and 
Chilomonas paramecium. Amoeba proteus, 
originally obtained from General Biological 
Supply House, Inc., Chicago (1957), was 
grown predominantly on Tetrahymena pyri- 
formis (strain W). Paramecium and Chilo- 
monas organisms similar to those which were 
fed to the pelomyxae were used for supple- 
mental food. All amoebae used in these ex- 
periments were starved for 4 days prior to 
use; they were thoroughly washed before and 
at daily intervals during starvation to elimi- 
nate food remnants. 

The amoebae were disrupted by homoge- 
nization in ice-cold water. Homogenizers 
were made from barrels and matched plung- 
ers of 0.5 ml syringes, with all surfaces 
ground to fit closely. The packed volume of 
cells (one g of force for 15 minutes) used in 
each homogenate was about 0.15 ml for the 
pelomyxae and 0.06 ml for Amoeba proteus, 
representing approximately 1400 organisms 
of P. carolinensis, 3300 of P. illinoisensis, and 
16,000 of A. proteus. Total volume of each 
homogenate was about 0.3 ml. Microscopic 
examinations of homogenates revealed that 
cellular disruption was complete after 20 or 
30 seconds of rotation and compression of 
the plunger. 

Cytochrome oxidase was measured by the 
spectrophotometric method of Hogeboom 
and Schneider(11). Aliquots of the homoge- 
nate were added to the reaction mixture (re- 
duced cytochrome c (Sigma), Al***, and 
phosphate buffer, pH 7.4) within one minute 
after homogenization. Readings were made 
at intervals of 30 or 60 seconds at 550 my to 
measure the rate of oxidation of reduced cy- 
tochrome c¢ at 25.0°C. Initial rates were cal- 
culated by extrapolation to zero time. Total 
nitrogen was measured by nesslerization of an 
H.SO,-H2O. digest of a portion of the ho- 
mogenate. 


In some experiments, the 


homogenates 
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TABLE I. Cytochrome Oxidase Activities of Pro- 
tozoa and Mammalian Tissues. 


umoles cytochrome ¢ 


Source No. exp. oxidized/hr/mg N* 
Pelomyxa illinoisensis 3 (ese oll 
Pelomyxa carolinensis 3 Sirois leo 
Amoeba proteus 2 AGSe a! 
Paramecium aurelia 3 15) = off 
Rat thymus 9 24.6+ 1.8 
Mouse liver 17 322 +16 


* Averages with avg deviation. 


were incubated for varying lengths of time, 
either at O°C or 25°C, prior to assay, so that 
information could be obtained about the sta- 
bility of the system. 

Results. Table I shows the cytochrome c 
oxidase activities of 3 species of amoebae as- 
sayed immediately after disruption of the 
cells. For purposes of comparison, the ac- 
tivities of Paramecium aurelia and of 2 mam- 
malian tissues, assayed by the same proce- 
dure, are also included. It is clear that the 
activities of the 2 Pelomyxa species are 
nearly the same, and considerably lower than 
those of mammalian tissues: 4 that of thy- 
mus and 1/40 that of liver. Mammalian tis- 
sues, especially the thymus, are considerably 
more radiosensitive than the most radiosensi- 
tive of the amoebae that have been studied. 
Amoeba proteus contains an almost negligible 
amount of cytochrome oxidase; Paramecium 
aurelia has a somewhat higher concentration, 
but levels of activity of both are extremely 
low and variable, and at least in the case of 
Amoeba proteus of questionable significance. 

The necessity of carrying out the assay as 
soon as possible after disruption of the cells 
is revealed by Fig. 1. The activity of the 
homogenized cells is apparently stable in 
O°C, at least for 20 to 40 minutes, but dis- 
appears rapidly at 25°C. The activity of P. 
illinoisensis decreased to 50% after 15 min- 
utes, whereas that of P. carolinensis dropped 
to 50% in about 3 minutes. After 45 min- 
utes at room temperature, 80 to 90% of the 
activity of both species had disappeared. In 
one experiment in which P. illinoisensis was 
homogenized at room temperature, then as- 
sayed about 5 minutes later, the initial rate 
was only 25% of that observed when homoge- 
nization was carried out at 0°C and the sam- 
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INITIAL ACTIVITY 


PERCENT 


0 10 20 30 40 50 60 70 80 90 
TIME (minutes) 


FIG. 1. Lability of cytochrome ¢ oxidase at 25°C. 
Solid line and symbols, P. carolinensis; dotted line 
and open symbols, P. illinoisensis. Samples of P. 
illinoisensis were homogenized at 0°C at zero time 
(arrow at I), and 3 assays were made beginning 1, 
7, and 12.5 min. later. P. carolinensis was homoge- 
nized at 23 min. (arrow at C) and 3 assays simi- 
larly made. At 40 min., both homogenates were 
transferred to a 25°C bath. Readings were made 
10 and 20 min. later (circles). Data from other 
experiments are incorporated in this graph 
(squares). The points at 41, 42, and 43 min. (tri- 
angles) were calculated from rate of decrease of 
activity during the assays, corrected for antici- 
pated first-order decrease due to substrate utiliza- 
tion. 


ple assayed immediately afterward. 

To rule out the possibility that the changes 
observed in optical density represented 
merely a swelling of subcellular particulates 
and not a true oxidation of cytochrome c, as- 
Says were carried out in the presence of 0.006 
M NaCN. Virtually complete inhibition oc- 
curred; there was negligible change in opti- 
cal density. 

Discussion. It should be emphasized that 
these experiments indicate only that there is 
present within the cells of the giant amoebae 
an enzyme that can catalyze the oxidation of 
reduced cytochrome c by molecular oxygen. 
The activity of this enzyme is relatively low, 
and there is no reason to presume that a cy- 
tochrome c-cytochrome c¢ oxidase system rep- 
resents a significant metabolic pathway in 
vivo, particularly in view of the inability of 
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Meller and Prescott(6) to demonstrate ab- 
sorption bands of cytochrome c in P. caro- 
linensis. It is very possible that the proto- 
zoan enzyme that oxidizes cytochrome c in 
vitro is not identical with the mammalian en- 
zyme, and that mammalian cytochrome Cc is 
not its physiological substrate. 

According to a recent report(12), cyto- 
chrome oxidase (prepared from beef heart) 
is a copper-hemoprotein complex consisting of 
equimolar quantities of copper and cyto- 
chrome a. Meller and Prescott(6) detected 
an absorption band at 605 mp, which they 
attributed to either cytochrome a, cyto- 
chrome e oxidase, or both. They made no 
mention, however, of the other absorption 
bands characteristic of cytochrome a. Fur- 
thermore, the band at 605 my was weaker in 
P. carolinensis than in Amoeba _ proteus, 
whereas according to our data, the latter has 
much less cytochrome c oxidase activity. 

Nevertheless, there is now definite evidence 
that these cells possess some sort of cyto- 
chrome c oxidase. The extreme lability of 
the system, particularly in P. carolinensis, is 
probably the reason why this enzyme has 
not been hitherto detected in these protozoa. 
Mgller and Prescott(6) indicated the neces- 
sity of maintaining their homogenates at 0° 
to —10°C in order to preserve the absorption 
bands. 

Summary. Cytochrome c oxidase activity 
has been demonstrated in 2 species of the 
giant amoeba Pelomyxa, one of which is ra- 
dioresistant and the other radiosensitive. The 
differences observed in this enzyme do not 
appear to be sufficient to account for the 10- 
fold difference in radiosensitivity of the living 
organisms. The level of cytochrome c oxi- 
dase activity is about one-fortieth that of 
mammalian liver, and is highly labile at room 
temperature. The radioresistant Amoeba 
proteus was also assayed for cytochrome c 
oxidase activity but almost negligible 
amounts were found. 
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Lesions found in mink affected with Aleu- 
tian disease resemble many of those described 
for such diseases as periarteritis nodosa, lu- 
pus erythematosus, and other associated dis- 
eases of man. Certain of the gross and mi- 
croscopic lesions of Aleutian disease have 
been described by Hartsough and Gorham 
(1), and Helmboldt and Jungherr(2). Obel 
(3), in describing a similar condition of mink 
in Sweden, has pointed out that this may be 
a form of plasma cell myeloma, since one of 
the prominent changes is plasma cell prolifer- 
ation. Recently Page(4) found that affected 
mink have an accompanying hypergamma- 
globulinemia. This report is concerned with 
the determination and comparison of serum 
protein values of normal and Aleutian dis- 
ease affected mink using zone electrophoresis. 

Materials and methods. Blood samples 
were taken from normal and affected mink 
on 2 ranches which had a history of the dis- 
ease. In addition, blood samples were col- 
lected from a ranch where the disease had 
never occurred and the animals were in good 
health. The blood was collected from 18 nor- 
mal and 18 affected mink by heart puncture 
while the animals were under ether anes- 
thesia. Immediately after collection of the 
blood samples, the mink were sacrificed and 
complete necropsies performed. Animals were 
designated normal or affected on the basis of 


history, clinical signs, and post-morten le- 
sions. Serum was removed from blood sam- 
ples and stored at —26°C until electrophoretic 
determinations were made. 

All the mink in the affected group were 
homozygous for the Aleutian gene as defined 
by Shackelford(5). The control mink, which 
had no evidence of disease, included 11 ani. 
mals which were homozygous for the Aleu- 
tian gene and 7 which were not homozygous 
for this gene. 

Samples of serum from normal and affected 
mink were subjected to electrophoresis at 
room temperature on filter paper (S and S$ 
2043-A mgl) in veronal buffer (ionic strength 
0.075 and pH 8.6) for 16 hours at a constant 
current of 0.104 milliamp/cm width. Spinco 
Model R paper electrophoresis apparatus was 
used.t The sample size was 0.006 ml of se- 
rum. 

At the end of 16 hours, the paper strips 
were heated at 125°C for 30 minutes, fixed 
and stained in a 1% methanolic bromphenol 
blue solution(6). Prior to scanning in a 
Spinco Model RB Analytrol integrating den- 
sitometer, the dried strips were exposed to 
ammonium hydroxide vapor. A B-5 cam and 
500 mp interference filters with a 1.5 mm slit 
width were used. Total serum proteins were 
determined by the biuret method(7). 

Results. Results of the electrophoretic de- 


* Aided in part by a grant from the Mink Farmers 
Research Foundation and Washington Agri. Exp. Sta- 
tion, Scientific Paper No. 2114. 
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vestigation was kindly supplied by Dr. W. E. Ham, 
Dept. of Animal Science, Washington State Uniy. 
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FIG. 1. The mean serum protein values of nor- 


mal and Aleutian disease affected mink, 
FIG. 2. Zone electrophoresis or normal and af- 
fected Aleutian mink serum. 


terminations are summarized in Fig. 1. To- 
tal serum proteins and gamma _ globulin 
showed an absolute increase and the albumin 
showed an absolute decrease in the affected 
group. The differences in these fractions 
were highly significant using the ‘‘t’’ test. 
Examples of individual normal and abnormal 
patterns are shown in Fig. 2. Mink which 
appeared clinically healthy but later proved 
to have lesions consistent with this disease 
also showed abnormalities in the serum pro- 
teins. No animals which were normal at ne- 
cropsy exhibited hypergammaglobulinemia. 
Normal mink observed in this experiment, re- 
gardless of genotype, had relatively the same 
serum protein levels. 

Discussion. There were distinct differ- 
ences in electrophoretic patterns and quan- 
titative values of the serum proteins, espe- 
cially gamma globulins, of mink affected by 
Aleutian disease when compared with those 
of healthy animals. 

In preliminary trials to reproduce the dis- 
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ease experimentally, the authors have inject- 
ed mink which were homozygous for the 
Aleutian gene as well as mink which were 
not homozygous for the gene with a formal- 
inized tissue suspension. The source of tis- 
sue was a homozygous Aleutian mink which 
had lesions of the disease. Hypergamma- 
globulinemia as well as lesions consistent with 
Aleutian disease were produced in_ those 
animals which were homozygous for the Aleu- 
tian gene. 

Mink with the naturally occurring disease 
have proteinurea and protein casts in the re- 
nal tubules. The result would be the loss of 
serum protein. Even though there is such a 
loss, total serum protein values in the dis- 
eased mink are raised. Therefore, there must 
be sufficiently increased serum protein pro- 
duction to compensate for the loss and yet 
raise the total amount of protein in the se- 
rum. 

The finding of hypergammaglobulinemia 
in mink with plasmacytosis and _ vasculitis 
stimulates speculation that there may be si- 
milar pathogenetic factors in Aleutian disease 
of mink and such conditions as polyarteritis, 
lupus erythematosis, and other connective 
tissue diseases of man. 

Summary. The electrophoretic patterns of 
normal and Aleutian disease affected mink 
have been determined. The serum from dis- 
eased animals had increased total serum pro- 
teins, increased gamma globulin, and de- 
creased albumin. 
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Relation of Mammotropes to Mammary Tumors. V. Role of Mammotropes 


in Radiation Carcinogenesis.* 


(26796) 


KENJIRO YOKORO AND JACOB FURTH 
Roswell Park Memorial Institute, Buffalo, N. Y. 


It has been well established that estrogenic 
hormones and the pituitary gland play a ma- 
jor role in development of mammary gland, 
in initiation and maintenance of growth of 
mammary tumors, and that in adults these 
actions of estrogens upon the mammary gland 
are mediated by a pituitary cell called mam- 
motrope (Mt), which secretes mammary 
gland stimulating and growth promoting hor- 
mones(1). Enhancement of induction of 
mammary tumors (MT) by these hormones 
(MtH) in rats x-rayed with 200r or 400r 
over entire body, from 9% to 76%, within 
7 months has been reported(2). It seemed 
desirable to confirm and extend this work 
using smaller doses of x-rays which alone will 
produce no MT within 7 months. 

Materials and methods. The strain of rats 
(W/Fu) used and general procedures have 
been described(2,3). The rats were 2 to 3 
months old when irradiated. The factors of 
x-irradiation were: 250 Kvp; 30 ma; filtra- 
tion 1/4 Cu. 1.0 Al; distance 50 cm; air dose 
150r/min. The rats were irradiated under 
light Nembutal anesthesia. As a source of 
steady supply of a natural MtH, transplant- 
able mammotropic pituitary tumors (MtT) 
(Strains W-5 and W-6) were used. Strain 
W-5 was induced by radiation(2). Strain 
W-6 occurred in an old W/Fu female. MtT 
was grafted subcutaneously on back; when 
it reached about 3 cm in greatest diameter, 
most of it was resected to prevent death from 
a large tumor. The rats were sacrificed when 
a MT was palpable, and the MT and several 
mammary glands were examined microscopi- 
cally. The ovaries of a small number of rats 
were removed 80 days after irradiation when 
the grafted MtT was not yet palpable. The 
experiments were terminated 7 months after 
irradiation when the rats were about 9 to 10 
months old. 


* Supported by Atomic Energy Commission and 
Nat. Cancer Inst. 


Results. No MT occurred in 20 normal 
controls, in 23 rats treated with MtH alone 
and in 17 rats given 50r alone. Only 1 of 16 
rats given 150r alone developed a MT (ade- 
nocarcinoma) at 202 days after irradiation. 
In contrast, 22 of 32 rats receiving both MtH 
and x-rays developed MT: 8 (53%) received 
50r and 14 (82%) received 150r (Table I). 

Fig. 1 shows the cumulative incidence of 
MT, including previous findings with 200r 
and 400r. The figure shows that onset of 
MT was slightly delayed when larger radia- 
tion doses were given. This apparent para- 
dox can be readily explained. As the figure 
shows, the grafted MtT was also irradiated 
and it suffered from the large doses, its la- 
tency was prolonged and, consequently, these 
rats received less hormone than those given 
smaller doses of radiations. In general, MT 
became palpable earlier in those rats in 
which the MtT, that supplied the hormone, 
appeared sooner. Fig. 1 also shows that the 
spontaneous incidence of MT in females of 
this strain was 16% in 196 females observed 
up to 32 months of age and that all spon- 
taneous tumors were fibroadenomas(3). 

The types of MT and their latency are 
shown in Table II. Most MT induced by ra- 
diation alone were fibroadenomas; most in- 
duced by MtH plus radiation were adenocar- 
cinomas. In general, induced carcinomas ap- 
peared earlier than fibroadenomas, as was 
already noted by Bond e¢ al.(4). 

Transplantation assay for autonomy. Most 
MT induced with 3-methylcholanthrene were 


TABLE I. Mammary Tumor Induction by X-rays 
and MtH in Female W/Fu Rats. 


No. in ——_MT——_ 

Treatment group No. % 
None 20 0 
Mth 23 0) 

50r iy 0 
150r 16 1 6.2 
50r + MtH 15 8 3 
150r + MtH 17 14 82 
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FIG. 1. Cumulative incidence of MT induced by 
X-rays and MtH in female W/Fu rats. 

FIG. 2. Dependence of growth of grafted fibro- 
adenoma on MtH. 
autonomous but responsive to hormones(5). 
Tumors induced with large doses of this car- 
cinogen, transplanted in successive passages, 
soon gave rise to fully autonomous variants; 
whereas, those induced with a single small 
dose of the carcinogen plus MtH remained 
fully MtH dependent(6). In light of this in- 
formation, 3 radiation- plus MtH-induced tu- 
mors were tested for hormone responsive- 
ness. All 3, a fibroadenoma and 2 adenocar- 
cinomas, were found to be highly hormone 
responsive (Table III). They grew in all 
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TABLE III. Transplantation of MT Induced by 
X-rays and MtH in W/Fu Rats.* 


Recipient 
Tumor grafted } fe) @ + MtH 
Fibroadenoma W-1 0/4 1/8 4/4 
Carcinoma W-19 0/5 1/8 4/4 
Me W-20 0/5 2/11 6/6 


* Grafts from original tumors; sub-passages are 
in progress. 


MtH-treated female rats, in few normal fe- 
males, and in no normal males. The latent 
periods of grafted fibroadenomas were about 
6 months and of the adenocarcinomas 2 
months. 


The dependence of growth of the fibro- 
adenoma on MtH is shown in Fig. 2. This 
tumor was grafted in 11 female rats, 4 of 
which received MtH (by MtT graft) imme- 
diately after the graft, and tumors became 
palpable in the latter after about 180 days. 
About 230 days after the fibroadenoma graft, 
MtH was administered to 4 of the 7 remain- 
ing rats; all of these developed palpable tu- 
mors 140 days later. The 3 rats not receiv- 
ing MtH were sacrificed 405 days after graft 
and carefully autopsied. No tumors were 
found. This finding is similar to that with 
3-methylcholanthrene-induced hormone-de- 
pendent carcinomas which could be fully con- 
trolled by ovariectomy or hypophysectomy 
and resumed vigorous growth after adminis- 
tration of MtH(5). The present work indi- 
cates that MT induced by a combination of 
MtH and radiation can also be highly hor- 
mone (MtH) responsive. 


TABLE II. Type and Latency of MT Induced by X-rays and MtH in Female W/Fu Rats. 


No. with Type of tumor MT latency after x-ray (month) 
MT/No. 

Treatment ingroup Carcinoma Fibroad. 3 4 4 6 7 
150r 1/16 1 1 
200r* 1/11 1 aes: 
400r* 1/11 1 (1) 
MtH + 50r 8/15 6 2 3 Daily ee aL) 
MtH + 50r + Ovex§ 1/4 1 1 
MtH + 150r 14/17 11 3 2 3 ID) 5 (1) 

MtH + 150r + Ovex$§ 2/4 1 1 iL (Cy 
MtH + 200r* 6/9 4 2 (1) 3 1 (Ob) 
MtH + 400r* 7/8t 2 6 Waly) (3) 1 (2) 


* Reported earlier(2) without specification as to latency and type. 
t One of these rats had 2 tumors, a fibroadenoma and an adenocarcinoma, listed separately. 


{ Figures in parentheses are fibroadenomas. 


§ Ovex = bilateral ovariectomy, performed 80 days after x-irradiation. 
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TABLE IV. Effect of Ovariectomy on MT Indne- 
tion by X-rays and MtH. 


No. 
No. of with Tumor latency 
Treatment rats MT (days) 
X-ray* 6 


X-ray + MtH 6 

X-ray ++ Ovext 8 

X-ray + MtH 8 
+ Ovex 


0 
3 90, 125, 145 (120)t 
0 
3 


145, 210, 210 (188) 


* 50r or 150r, over entire body. 

+ Bilateral ovariectomy, performed 80 days af- 
ter x-irradiation. 

¢ Figures in parentheses indicate mean latency. 


In a small experiment, 8 irradiated plus 
MtT grafted rats were ovariectomized 80 
days after irradiation when MtT was not yet 
palpable. Ovariectomy seems to slow down 
MT development and may also prevent MT 
formation in some rats (Table IV). 

Discussion. Two strong factors have long 
been recognized in mammary tumorigenesis: 
estrogenic hormones which exert their influ- 
ence by way of the pituitary Mt(1) and car- 
cinogens which cause a permanent modifica- 
tion of the mammary epithelium. LEarlier 
studies have shown that ionizing radiations 
stimulate Mt(2), the supplier of MtH that 
promotes MT development. Thus, radia- 
tions have a double action: they “‘cancerize”’ 
mammary epithelium and stimulate its pro- 
moter, Mt. 

The relative role of hormones and carcino- 
gens in induction of mammary tumors has 
been fully discussed elsewhere(7). The ob- 
servations here presented suggest that small 
doses of radiations can create latent neoplas- 
tic cells and that these cells form progres- 
sively growing tumors only when the hor- 
monal stimulus (MtH level) is elevated. 
Thus, it seems that the dependent tumorous 
mammary epithelium has a greater sensitivity 
to MtH than the normal epithelium. A 
similar heightened sensitivity to estrogens of 
dependent tumorous pituitary Mt, in com- 
parison to normal Mt, is indicated by studies 
of Clifton(8) by means of grafting these cells 
beneath the kidney capsule. Formation of 
such dependent neoplasms is a unique type 
of carcinogenesis in which tumor formation 
is brought about by a mild permanent modi- 
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fication of the cell in presence of elevated 
levels of its stimulant. 

Experiments on the degree of mammary 
gland stimulation by MtH, as indicated by 
incorporation of tritiated thymidine, are in 
progress in our laboratory. B. H. Sells and 
B. Messier found that under stimulation of 
MtH (by a small graft of MtT), the mam- 
mary tissue incorporates twice as much tri- 
tiated thymidine per gram as unstimulated 
mammary tissue and total uptake of tritiated 
thymidine in stimulated glands is nearly 10- 
fold normal (unpublished data). 

These and other studies(7) led us to the 
generalizations that physiologic doses of hor- 
mones are not carcinogens and that small, 
so-called subcarcinogenic doses of x-rays as 
well as chemical carcinogens and virus can 
produce many latent neoplastic cells and that 
the latter can be activated by proliferative 
stimuli of which hormones are outstanding. 

How long latent tumor cells can survive 
and what the relation is between their num- 
bers and the dose of radiation remains to be 
studied. Conceivably, there is no threshold 
for the “carcinogenic” alteration which may 
be “linear” but it is unlikely that tumor for- 
mation follows the same “linearity.” The 
work discussed indicates that to bring about 
a tumor formation, promoting factors, such 
as MtH, are needed. The availability of the 
latter and the magnitude of the radiation 
damage determine the formation of tumors 
by altered cells. 

Summary. 1. X-rays (50r) and mammo- 
tropic hormones (administered in form of 
isologous functional mammotropic pituitary 
tumor grafts) alone produced no mammary 
tumors in female W/Fu rats within 7 months 
of treatment. In contrast, 53% rats treated 
with both, developed mammray tumors. As 
with chemical carcinogen-induced tumors, ad- 
ministration of mammotropic hormones re- 
stored inhibition of mammary tumor develop- 
ment by ovariectomy. 2. Most mammary 
tumors induced by radiation plus mammo- 
tropic hormones were adenocarcinomas; a 
few were fibroadenomas. 3. Three induced 
tumors tested were found to be highly mam- 
motropic hormone responsive: they did not 
grow in males and grew in females uniformly 
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only when stimulated with mammotropic hor- 
mones. 4. Grafted fibroadenoma cells re- 
mained latent in many rats until administered 
mammotropic hormones brought about their 
rapid growth. Administration of this hormone 
could be delayed as long as 7% months. 5. 
It is concluded that radiations bring about 
an irreversible modification of some cells, de- 
pending on severity of the dose; mammo- 
tropic hormones are not carcinogens but, as 
promoters of mammary epithelium, promote 
carcinogenesis and growth of some tumors. 
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Erythrocyte Survival Studies in Experimental Molybdenosis of Sheep.* 
(26797) 


J. J. KANEko, C. E. CorNELIUS AND N. F. BAKER 
School of Veterinary Medicine, University of California, Davis 


The toxicity of a high molybdenum intake 
in the diet has been extensively studied. In 
cattle, the effects of toxicity include severe 
diarrhea, emaciation, loss of coat color and 
anemia. In sheep on similar intakes of 
molybdenum, the clinical picture appears to 
be principally associated with signs of a cop- 
per deficiency. The relationship between 
molybdenum and copper metabolism together 
with the influence of inorganic sulfate has 
been recently reported by Dick(1). It was 
shown that the symptoms of copper defi- 
ciency in sheep develop only in presence of 
increased molybdenum and sulfate in the 
diet. Similar molybdenum sulfate-copper re- 
lationships in cattle have been reported(2). 
Experimental molybdenosis has not been 
shown to influence hematology in sheep(3) 
or cattle(2) even though an anemia is asso- 
ciated with the natural condition in cattle. 


This report presents data concerning the 
life span of erythrocytes in experimental 
molybdenosis of sheep using the direct gly- 
cine-2-C'* method. Erythrocyte life span 


* This work was supported in part by the Western 
Regional Project 35. 


for normal sheep using this method has been 
previously reported(4). 

Materials and methods. Two female lambs 
(6161, 6170), one year of age and weighing 
28 and 32 kg, respectively, were used. Each 
lamb was initially placed on a daily oral in- 
take by capsule of 45.4 mg of molybdenum 
as sodium molybdate for 54 days. Since no 
clinical symptoms of toxicity appeared, daily 
intake was doubled for the next 35 days, dur- 
ing which time severe diarrhea developed. 
Daily intake was then returned to the origi- 
nal amount for 10 days. At this time, 100 pc 
and 150 pe of glycine-2-C™ were injected in- 
travenously into lambs 6161 and 6170, re- 
spectively. Molybdenum administration was 
continued throughout the trial. 

The procedures employed for determina- 
tion of median survival time for erythrocytes 
in sheep have been reported(4,5). Median 
survival times (t%4), of the erythrocytes of 
the sheep in this study were estimated from 
their survival probability function, p(t), the 
probability that an erythrocyte will have a 
survival time greater than f. 

Plasma and liver copper levels were deter- 
mined in the sheep at termination of the trial 
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FIG. 1. Speecifie activity of hemin and survival 
probability function in a sheep with molybdenosis. 
FIG. 2. Specifie activity of hemin and survival 
probability function in a sheep with molybdenosis. 


by methods previously reported(6). Hema- 
tological determinations were performed by 
standard methods. 


Results and discussion. The specific ac- 
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tivities of hemin and their respective survival 
probability functions are presented in Fig. 
1 and 2. The 2 distinct plateaus of the spe- 
cific activity curves are not in accord with 
the single plateaus observed in the curves of 
normal sheep(4). A similar finding of 2 
plateaus in the life span curve has been re- 
ported for the normal aoudad sheep(5). This 
was interpreted as the existence of 2 separate 
populations of erythrocytes with different 
survival times. Similar calculations for the 
curves obtained in the present study resulted 
in median erythrocyte survival times of 28 
and 80 days for sheep 6161, and 20 and 84 
days for sheep 6170. The second population 
of red cells with longer survival times in each 
sheep was comparable to that found in nor- 
mal sheep(4). 

We attribute the first decrease in specific 
activity of hemin to death of one population 
of erythrocytes and the second decrease to 
death of a second population. It can be es- 
timated(5) that in these sheep, 30-40% of 
the total populations exhibited the shorter 
survival times. In rabbits recovering from 
experimentally produced anemia, it has been 
reported(7) that some of the cells had a 
shortened life span. ‘This finding was also 
observed in the rat(8) under similar condi- 
tions. It was suggested that new red cells 
produced rapidly in response to the anemia 
were functionally inadequate and thus were 
short lived. This would imply that the daily 
turnover of erythrocytes in these sheep 
should be greater than normal. However, 
erythrocyte and leukocyte counts performed 
on the sheep were within normal limits dur- 
ing the entire course of the experimental 
trials. Some polychromasia was observed in 
the peripheral blood smears but myeloid- 
erythroid ratios of bone marrow samples were 
also within normal limits. 

The levels of plasma copper obtained in 
these sheep were 22 and 43 pg % for 6161 
and 6170, respectively. These values are be- 
low normal values of 58-160 pg % reported 
for sheep(6). Liver copper levels were 4.3 
and 5.7 mg/100 g wet weight for sheep 6161 
and 6170, respectively, and are near the lower 
limit of the 4-25 mg/100 g wet weight re- 
ported for normal sheep(6). Dick(1) has 
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postulated that plasma copper levels in sheep 
fall due to depletion of copper stores as a re- 
sult of prolonged molybdenum and sulfate 
administration. Sulfate intake was not meas- 
ured in the trials reported here. It would 
appear, however, that sulfate intake in these 
sheep was sufficient, together with the added 
molybdenum to lead to a copper depletion. 
The requirement for copper in synthesis of 
heme is known and Anderson and Tove(9) 
have recently demonstrated a direct role for 
copper in this synthesis. Copper deficiency 
in sheep characteristically exhibits a demye- 
linating lesion in the central nervous system 
of lambs while only under extreme conditions 
will anemia occur in the ewe. Anemia is also 
a characteristic of molybdenosis in non-ru- 
minant animals and has been attributed to 
inability of these animals to utilize stored 
copper(10). Bush, eé al.(11), found a short- 
ened red cell survival using Fe? in copper 
deficiency of swine and attributed this to sub- 
normal levels of copper within the red cell. 
If the phenomenon were similar in these 
sheep, one might expect to find a shortening 
of survival time of the entire red cell popu- 
lation rather than 30-40% as found in the 
present study, unless only a marginal defi- 
ciency had occurred. 


Summary. Median survival times of the 
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erythrocytes of sheep in experimental molyb- 
denosis were determined using glycine-2-C'*. 
The existence of 2 distinct populations of 
erythrocytes was observed in each sheep. 
Median survival times for the first erythro- 
cyte populations in 2 sheep were 20 and 28 
days, with 80 and 85 days for the second 
populations. 
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Corticosterone Secretion in the Rat.* 
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(Introduced by Monte A. Greer) 
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Depression of plasma or adrenal corticos- 
terone concentration by exogenous steroid 
administration is well known. Pfeiffer and 
co-workers suggested the substitution of dex- 
amethasone-blocked animals for hypophysec- 
tomized animals in assays of ACTH using 
peripheral plasma corticosterone concentra- 
tion as the index of adrenocortical response 
(1). Peron and Dorfman found that mea- 
surement of adrenal corticosterone content 


* Supported by USPHS Grant to Dr. M. A. Greer, 


provided a useful method of assaying the 
ACTH-suppressing potency of certain corti- 
coids(2). This report describes the suppres- 
sive influence of dexamethasone on adrenal 
corticosterone secretion rate in the rat. 
Methods. Adult male Sprague-Dawley 
rats weighing 200-250 g were used following 
a 4 to 10 day acclimatization period in the 
laboratory. Dexamethasone-2 1-phosphatet 
supplies of dexamethasone-21-phos- 
phate were made available through the courtesy of 
Dr. Nicholas Capeci of Merck, Sharp and Dohme. 


+t Generous 
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(stock concentration 4 mg/ml) was diluted 
daily with physiological saline to bring final 
injection volumes to 0.5 ml. Control animals 
received 0.5 ml of physiological saline. All 
injections were made subcutaneously in the 
unanesthetized animal. At selected intervals 
after injection the adrenal venous effluent 
was sampled. The animals were anesthetized 
with ether, heparin (100 units in 0.1 ml) was 
administered via the femoral vein, and lapa- 
rotomy was quickly performed. A #27 gauge 
needle, fixed on a tuberculin syringe, was in- 
serted through the left renal vein wall oppo- 
site the confluence of the left adrenal vein 
and threaded into the orifice of the adrenal 
vein to the point of confluence of small dia- 
phragmatic venules. The adrenal effluent 
was collected for exactly 3 minutes. To avoid 
backflow through conjoining veins, steady, 
gentle withdrawal of the syringe plunger was 
continued through the collection time. The 
volume of blood obtained usually ranged from 
0.6 to 0.9 ml. To minimize errors due to oc- 
casional faulty collection, samples not falling 
within this volume range were discarded. 
The entire procedure required 6 to 7 minutes 
per animal. After stoppering the syringe 
barrel with a small rubber cap it was used as 
a centrifuge tube, and the plasma was sepa- 
rated and frozen. Plasma corticosterone was 
determined by a modification of the fluoro- 
metric method of Silber and co-workers(3). 
Silber’s correction for ‘‘blank” fluorescence of 
rat plasma was used in calculation of steroid 
determinations. In preliminary experiments 
to determine the fluorescence of dexametha- 
sone-21-phosphate, plasma from hypophysec- 


TABLE I. Fluorescence Readings of Steroids in 
Hypophysectomized Rat Plasma. 


Relative 


Steroid ug added/ml fluorescence 
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FIG. 1. Comparative effects of a single inj. of 


dexamethasone-21-phosphate, 100 wg/kg body wt, 

and saline on the rat corticosterone secretion rate. 

Each point represents mean secretion rate of 6 or 

more animals. Stand. errors indicated by vertical 
bars. 

tomized rats obtained one day following hy- 

pophysectomy was used. 

Results. Dexamethasone-21-phosphate it- 
self did not fluoresce under the conditions of 
the experiment. Table I summarizes fluores- 
cence data obtained after adding dexametha- 
sone-21-phosphate to hypophysectomized rat 
plasma. The steroid did not alter fluores- 
cence in concentrations up to 4 mg/ml. The 
steroid was also given intravenously to rats 
immediately before sampling the adrenal ef- 
fluent. Corticosterone secretion rate of the 
dexamethasone-treated animals (120 + 9.44 
pe/kg/hr; n = 5) similar to that of un- 
treated controls (123 + 5.3 pg/kg/hr; 
rive le), 

Fig. 1 depicts corticosterone secretion rate 
determinations obtained in dexamethasone- 
treated (100 pg/kg body weight) and control 
animals at various intervals following a single 
subcutaneous injection. Maximal suppres- 
sion of corticosterone secretion rate occurred 
4 to 8 hours following administration of the 
steroid, and recovery to pretreatment values 
was nearly complete by 24 hours. Corticos- 
terone secretion rate of saline-injected con- 
trols remained at approximately the same val- 
ues throughout the experiment, suggesting 

¢ Values expressed as mean corticosterone secretion 
rate/kg/adrenal/hr + standard error. 
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TABLE II. Dose-Response Effect of Dexametia- 
sone on Rat Corticosterone Secretion Rate 4 Hours 
after Injection. 


Corticosterone 
secretion rate* 


Dose, 


pg/kg body wt No. of rats 


0 1 123 + 5.3 
10 10 101 +12.2 
40 10 49+ 6.7 

100 10 PA Se PAS 
400 10 23 +2 3.4 


* Values expressed as mean pg/kg/adrenal/hr -- 
stand. error. 


that the potential stimulating effect of the in- 
jections themselves did not influence secre- 
tion rates. 

Table II summarizes dose-response data 
obtained 4 hours after administration of a 
single dose of dexamethasone-21-phosphate. 
Maximal suppression of corticosterone secre- 
tion rate was produced by 100 pg/kg body 
weight. 

Repeated determinations of corticosterone 
secretion rate were made in a few animals. 
Immediately following the initial sampling, 
10 mg of hexadimethrine bromides was given 
intravenously to counteract the anticoagulant 
effect of heparin, and the abdominal incision 
closed. One week later the adrenal venous 
effluent was resampled. Minor adhesions 
were usually encountered at the second oper- 
ation, but did not prevent the sampling pro- 
cedure in any animal. Corticosterone secre- 
tion rate at the second sampling (131 + 12 
pg/kg/hr; n= 6) was similar to that of un- 
treated controls. 

Discussion. Reported values of corticoster- 
one secretion rate from one adrenal gland in 
the ether-anesthetized rat have been in fairly 
good agreement despite the variety of meth- 
ods employed. Collections times have ranged 
from 15 minutes(4,5) to 1.5 hours(6), but 
secretion rates have ranged from approxi- 
mately 100 pg/kg/hr(4) to 150 pe/kg/hr 
(6). This may reflect near maximal corti- 
cotropin release due to ether and/or the 
stimulus of surgery inasmuch as exogenous 
corticotropin results in only slight augmenta- 
tion of the “resting” secretion rate(4). 

The degree and duration of suppression of 
the corticosterone secretion rate following a 
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single dose of dexamethasone agrees closely 
with the suppression of peripheral plasma 
corticosterone concentration found in re- 
sponse to exogenous steroids(1). Rate of fall 
of the secretion rate and onset of maximum 
suppression also occur at approximately the 
same time that adrenal steroid secretion rate 
reaches a minimum in hypophysectomized 
dogs(7). 

The relatively large concentration of corti- 
costerone present in the adrenal effluent of 
untreated control animals (about 3 pg/ml) 
compared with peripheral plasma concentra- 
tion (about 0.2 pg/ml) provides greater 
amounts of steroid for assay. This technic 
may be adaptable either to corticotropin as- 
says or to assays of corticotropin-suppressing 
potency of other non-fluorescing corticoster- 
oids. 

Summary. The rat corticosterone secre- 
tion rate determined fluorimetrically from 3- 
minute samples of adrenal effluent (123 + 
5.3 pg/kg/adrenal/hr) agrees well with val- 
ues reported for more extended collection pe- 
riods and analyzed by other methods. Dex- 
amethasone-21-phosphate, a non-fluorescing, 
corticotropin-suppressing, synthetic steroid 
was found to produce maximal suppression of 
the corticosterone secretion rate 4 to 8 hours 
following a single dose. The technic de- 
scribed may be applied to assays of cortico- 
tropin itself or assays of corticotropin sup- 
pressing activity of other non-fluorescing 
agents. 
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Effect of L-Histidine on Creatine, Histidine, and 1-Methylhistidine 


Excretion of Normal and Vit. E-Deficient Rabbits.* 


(26799) 


L. C. SmitH ann K. C. NING 
Dept. of Biochemistry, School of Medicine, State University of South Dakota, Vermillion 


It has been shown(1,2) that Vit. E-defi- 
cient diet caused rabbits to excrete 1-methyl- 
histidine in large amounts. Appearance of 
this amino acid in urine generally precedes 
that of creatine making it one of the earliest 
detectable symptoms of nutritional muscular 
dystrophy. McManus(1) has shown a di- 
minished concentration of muscle carnosine 
and anserine suggesting an abnormality in 
the metabolism of these dipeptides. She be- 
lieves that Vit. E-deficiency results in a hy- 
drolysis of muscle anserine to beta-alanine 
and 1-methylhistidine as well as a decreased 
synthesis of anserine. 

Regardless of the causative mechanism, 
the loss of large amounts of 1-methylhistidine 
might itself produce secondary effects such 
as a significant drain on the body’s reserve 
of the essential amino acid histidine. Our 
studies describe the effect of dietary L-histi- 
dine on excretion of creatine, histidine, and 
1-methylhistidine of normal and Vit. E-de- 
ficient rabbits. 

Methods. Twelve male rabbits, divided 
into 4 equal groups, were fed the following 
diets ad lib.: A. Dystrophy-producing diet 
of Young and Dinning(3) plus 8 mg alpha- 
tocopherol acetate thrice weekly: B. Dystro- 
phy-producing diet containing 1% L-histi- 
dine plus 8 mg oral alpha-tocopherol acetate 
thrice weekly: C. Dystrophy-producing diet: 
D. Dystrophy-producing diet containing 1% 
L-histidine. When histidine was incorpor- 
ated into the diet, an equivalent weight of 
sucrose was deducted. 

Twenty-four hour urine samples were col- 
lected occasionally in a rabbit metabolism 
cage. Creatine and creatinine were deter- 
mined by the method of Folin(4) while quan- 
titative determinations of histidine and 1- 
methylhistidine were made by Dowex-50 
chromatography using the method of Tallan 
er al.(5). 


* This investigation was supported by research 
grant, Am, Cancer Soc., S. Dakota Division. 


Results. Urinary histidine and 1-methyl- 
histidine values and creatine/creatinine ra- 
tios are shown in Table I. Values are ex- 
pressed as »M/24 hr for the 2 amino acids. 
Rabbits of Group A excreted less histidine 
than those of Group B although the differ- 
ence was not significant. No animals of 
Group A excreted any detectable amounts of 
1-methylhistidine. Rabbit 6 of Group B did 
excrete this amino acid after 31 days on the 
diet. This same animal exhibited a creatine/ 
creatinine ratio of 0.83 after 41 days on the 
diet while the remaining rabbits of both 
groups had insignificant ratios throughout the 
experiment. 


Animals of Group C excreted significantly 
smaller amounts (p<0.01) of histidine than 
those animals on Diet A. One rabbit of 
Group C excreted none while the other 2 ex- 
creted less than half that of animals on Diet 
A. In contrast, those on Diet D excreted 
similar amounts to those on Diet B_ until 
about 3 weeks when histidine was no longer 
detectable. Animals on Diet C_ excreted 
large amounts of i-methylhistidine within 2 
weeks after being placed on the deficient diet. 
The amounts generally increased until death 
occurred. Rabbits fed Diet D_ excreted 
smaller amounts (p>0.01<0.05) of 1-me- 
thylhistidine than those on Diet C, viz., after 
3 weeks, an average excretion of 59 »M vs 
165 »M. Animals on Diet C also excreted 
less histidine (p>0.01<0.05) than those on 
Diet D as well as exhibiting creatinuria with- 
in 2 weeks after being placed on the deficient 
diet, in contrast to Group D. Just before 
death, the creatine/creatinine ratios of those 
on Diet C rose to 4.7, 6.4, and 2.2 respec- 
tively, while animals on Diet D, at the same 
dates, showed ratios of 1.1, 0.2, and 1.5. 

Discussion. Perhaps the most important 
point to be made from these experiments is 
that animals receiving an E-deficient diet 
containing 1% histidine excreted less uri- 
nary 1-methylhistidine than those not receiv- 
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TABLE I. Effect of Dietary L-histidine on Urinary Histidine and 1-methylhistidine, and Crea- 
tine/Creatinine Ratios of Normal and Vit. E-Deficient Rabbits. Values expressed as n.M/24 hr. 
Ee ————————————————————— EE 


Creatine 

Rabbit Days on 1-methyl- el 

Diet No. diet Histidine histidine Creatinine 
A Vit. E-deficient + vit. E 1 17 3.9 .0 10 
1 35 7.5 .0 — 
2 15 6.6 .0 04 
2 32 17.6 .0 03 
3 46 2.9 0 -— 
B Idem + 1% L-histidine 4 12 14.0 0 —_— 
: 4 32 13.4 .0 .36 
5 10 8.0 .0 .08 
5 13 19.2 .0 10 
6 31 10.0 33: cao 
6 41 10.7 24.2 83 
Cc Vit. E-deficient c 16 .0 64.2 1.44 
f 19 2.6 fos 4.71 
8 12 0 176.8 By 
8 22 0 292.7 1.45 
8 24 0 406.6 6.42 
9 13 2.0 222.6 98 
9 22 1.9 128.0 2.19 
D Idem + 1% L-histidine 10 12 16.6 18.0 = 
10 20 0 38.7 .28 
10 25 .0 120.9 1.14 
10 31 0 231.6 80 
11 9 8.4 0 
11 24 0 57.4 18 
11 26 1S 118.7 22 
afal 29 45.4 75.0 1.54 
12 9 9.0 0 — 
12 16 31.4 35.3 a8 
12 23 0 79.7 1253 


ing the supplement. Furthermore, the addi- 
tive markedly reduced creatinuria and pro- 
longed longevity an average of 16 days, or 
about 75% as compared to those on the de- 
ficient diet alone. 

Also, animals fed normal diet did not ex- 
crete methylhistidine. This would agree with 
some findings(2,6); however not with other 
workers(1,5,7) who found a low content of 
1-methylhistidine in normal rabbit urine. It 
should be stressed that rabbit 6 did excrete 
this derivative while receiving alpha-toco- 
pherol, but also had some creatinuria. This 
would infer a mild dystrophy, although at 
no time were physical symptoms obvious. 

It might be expected that rabbits on Diet 
B would excrete more histidine than those 
not receiving the supplement on Diet A since 
both sets consumed similar amounts of diet 
with the former thus receiving about 0.4 g 
per day more histidine than did the latter 
group. Results further indicate that animals 


on an E-deficient diet excreted little histidine 
in the urine but rather massive amounts of 
1-methylhistidine. The latter finding would 
agree quantitatively with those of Fink ef al. 
(2) that dystrophied rabbits excreted as 
much as 400 »M/24 hr/kg body weight of 
the methyl derivative. Their results were 
about 5-fold those reported elsewhere(1). 

McManus(1) has shown that normal and 
dystrophied muscle are devoid of carnosinase 
activity, and suggested that anserine could 
be hydrolyzed elsewhere to cause methylhis- 
tidinuria in E-deficient animals. This would 
deplete histidine from the various metabolic 
pools and could explain Tallan’s(8) findings 
of a decrease in free histidine of muscle of 
severely E-deficient rabbits. The possibility 
also exists that there is an accelerated rate of 
protein breakdown to furnish needed _histi- 
dine. This would account for the significant 
rise in free amino acids of various tissues as 
shown by Smith and Nelson(9). 


PLATELET ANTIGENS BY COMPLEMENT FIXATION 


It is conceivable that supplementation of 
the deficient diet with histidine would retard 
the dystrophic process by maintaining a high 
level of histidine in the metabolic pool. This 
would result in a diminished creatinuria and 
methylhistidinuria. 

Summary. 1. Effects of L-histidine on ex- 
cretion of 1-methylhistidine, histidine, and 
creatine of normal and Vit. E-deficient rab- 
bits have been studied. 2. L-histidine caused 
an increased excretion of histidine from ani- 
mals on a normal and Vit. E-deficient diet. 
3. Three rabbits on a normal diet and 2 of 
3 on a normal diet -|- L-histidine failed to ex- 
crete 1-methylhistidine in the urine. 4. Vit. 
E-deficient animals excreted small amounts 
of histidine, but large quantities of 1-methyl- 
histidine and creatine. 5. Vit. E-deficient 
rabbits fed 1% L-histidine excreted less 1- 
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methylhistidine and creatine, but increased 
amounts of histidine. 6. 1% L-histidine 
was shown to prolong the lives of Vit. E-de- 
ficient rabbits. 
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Studies on Platelets XXIV. Analysis of Some Platelet Antigens by 


Complement Fixation Test.* 


(26800) 


SHOKICcKI UENo,! Ros— H. MELE AND Mario STEFANINI 
Joseph Stanton Memorial Laboratories and Department of Medicine, 
Tufts University School of Medicine, Boston, Mass. 


Platelets exhibit species specificity(1) and 
very likely cell(2) and blood group(3,4) spe- 
cificity. Specific antigens proper to platelets 
only may also be found(5,6). Evidence for 
organ specificity of platelets has also been 
presented. Thus, injection of serum from pa- 
tients with chronic idiopathic thrombocyto- 
penic purpura may induce thrombocytopenia 
in dogs(7) and rabbits(8), an effect which is 
abolished if the serum is previously absorbed 
with human platelets. Also, the platelet ag- 
glutinins found in human idiopathic throm- 
bocytopenic purpura are absorbed by mon- 
key platelets(9), while antiguinea pig plate- 


* Supported by grant from Nat. Inst. Health. Pre- 
sented at 6th Congress of European Society of Hema- 
tology, Copenhagen, Denmark, Sept. 1957. 

t Professor of Legal Medicine, Faculty of Med., 
Univ. of Tokyo, Japan; Visiting Fellow of China 
Medical Board of New York at Joseph Stanton Re- 
search Laboratories, 1957. 


let rabbit serum agglutinates human plate- 
lets as well(10). Finally, there is a common 
antigenic structure of platelets obtained from 
man, goat, sheep, horse and pig(11). Most 
of the previous work in vitro, however, has 
been carried out using agglutination proce- 
dures. This report presents an analysis of 
the organ specificity of platelets using a more 
reliable technic, namely complement fixation. 

Materials and methods. (a) Preparation 
of platelets. Blood was collected from the 
antecubital vein (man) or jugular vein 
(horse, cow and dog) into plastic bags with 
ACD solution or into silicone-coated bottles 
containing 0.1 volume of 1% Sequestrene- 
Na» solution. Platelets were separated and 
washed 5 with isotonic saline by standard 
technic(6). Large amounts were frozen at 
—4°C until used for immunization purposes. 

(b) Preparation of platelet antigen for 
complement fixation test. A platelet button 
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grossly free of red cells was resuspended in 
isotonic saline to contain from 350,000 to 
500,000 platelets/m] and frozen at —2°C for 
1 hour. After thawing, the suspension was 
ground in a glass mortar, shaken for 10 min- 
utes and centrifuged at low speed for a few 
minutes to remove the larger particles. The 
concentration which gave complete comple- 
ment fixation with standard homologous anti- 
serum without showing anticomplementary 
activity corresponded to a density of 0.3 to 
0.4 O.D. at 400 mp» by spectrophotometric 
reading. A 1/10 dilution of the antigen in 
isotonic saline solution was used in the ab- 
sorption technics (see below). 

(c) Preparation of platelet antigen for in- 
jection into rabbits. An equal volume of 
alum precipitate was added to the ground 
platelet suspension prepared as in (b) and 
the mixture shaken gently before use. Each 
rabbit received 5 ml of mixture into the glu- 
teal muscle 3 times a week until a good titre 
was obtained (in about 4 weeks). 


(d) Human serum was obtained from 
healthy individuals and inactivated at 56°C 
for 30 min. A 1/1000 dilution of serum in 
isotonic saline solution was optimal for per- 
formance of the complement fixation test. 

(e) Complement. Commercially available 
lyophilized guinea pig serum was used as 
source of complement throughout. The se- 
rum was reconstituted and stored in 1 ml 
aliquots at —20°C until used. 

(f) Complement fixation test was carried 
out by the method of antibody dilution. In- 
activated antiserum was diluted serially with 
0.9% NaCl solution. Aliquots of 0.2 ml of 
each dilution were added to equal volumes of 
antigen. Two units of guinea pig comple- 
ment were added. The mixtures were incu- 
bated at 37°C for one hour. A hemolytic 
system (5 units of sensitized 2% sheep cells) 
was then added (0.2 ml volume). Results 
were read after one hour incubation at 37°C, 
with the confirmation of complete hemolysis 
in the necessary control tubes. 

(g) Absorption technics. The ratio of ab- 
sorbing antigen to antiserum depended on the 
particular agent used for absorption. When 
serum was used as the absorbing antigen, one 
volume of 1/50 diluted serum was mixed with 
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TABLE I. Complement Fixation Reaction of Anti- 
human Platelet Immune Rabbit Serum.* 


Antiserum (dilution) 


Antigen 20 40 80 160 320 640 
Human platelet 0 0 0 0 0 i-- 
Horse a 0 0 1+ 2+ 38+ 3+ 
Bovine as 0 0 0 1+ 2+ 3+ 
Dog iS 0 0) 1+ 2+ 34 3- 
Human serum 0 0 2+ 38+ 3+ 3+ 


After absorption with human seruny 


Human platelet 0 0 0 0 0 1-- 
Horse 0 0 1+ 2+ 3+ 3+ 
Bovine iv 0 0 1+ 2+ 38+ 3+ 


Dog 4 0 0 1+ 2+ 3+ 34+ 
Human serum 3+ 3+ 3+ 34+ 34+ 3+ 


* 0 = no hemolysis; 1+ = weak hemolysis; 
2+ — strong hemolysis; 3+ = complete hemo'y- 
S18. 
one volume of 1/5 diluted antiserum. When 
platelets were used as the absorbing antigen, 
one volume of 1/10 diluted antigen was 
mixed with one volume of 1/5 diluted anti- 
serum. In each case, the mixture was allowed 
to stand at room temperature for 2 hours and 
overnight at 4°C, then centrifuged at high 
speed for 30 min. The supernatant was care- 
fully drawn off and considered to be a 1/10 
dilution of the absorbed antiserum. 

Results. Table I indicates that antihuman 
platelet rabbit serum reacted with horse, bo- 
vine and dog platelets, although at a lower 
titer than with the main antigen (human 
platelets). Silber eé# al.(12) have recently 
stated that, using a fluorescent antibody 
method, dog and pinea pig platelets also react 
with fluorescent rabbit antihuman platelet se- 
rum, although with less intensity. In our ex- 
periments, the antihuman platelet rabbit se- 
rum also reacted with human serum. To 
eliminate the possibility that the reaction 
might have been due to presence of serum 
proteins in the platelet antigen, the antihu- 
man platelet immune rabbit serum was ab- 
sorbed with human serum. It reacted with 
animal platelets with almost the same avidity 
before and after the absorption. Also, the 
absorbed immune serum reacted with human 
platelets in an undiminished titer, a finding 
of interest which suggests many speculations. 
Table II shows that absorption of antihuman 
platelet immune serum with heterologous 
platelets also reduced its activity against ho- 
mologous platelets. 
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TABLE II. Absorption of Antihuman Platelet Immune Rabbit Serum with Heterologous 
Platelets. 


Before absorption 
with horse platelets 


Antiserum dilution 


After absorption 
with horse platelets 


Antiserum dilution 


Antigen 20 40) 80 160 320 20 40) 80 160 320 
Human platelet 0 0 0 0 1+ 0 1+ 2+ 3+ 3+ 
Horse me CP) ae ee See He BR ee SE 


Conclusion and summary. It is confirmed 
that platelets have organ specificity, possess- 
ing an antigen common to platelets of differ- 
ent species, as well as species specificity, since 
antiplatelet antibodies react more strongly 
with homologous than with heterologous 
platelet antigens. 
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Antibody Production in Guinea Pigs Receiving 6-Mercaptopurine.* (26801) 


Dorotuy S. GENGHOF AND JAcK R. BaTTISTO 


(Introduced by Edward J. Hehre) 


Department of Microbiology and Immunology, Albert Einstein College of Medicine, 
Yeshiva University, New York City 


Widespread interest in the possibility of 
suppressing the immunological responses of 
animals by administration of chemicals has 
followed the reports of Schwartz et al.(1-3) 
that rabbits treated with 6-mercaptopurine 
(6-MP) during primary antigenic stimulation 
fail completely to produce humoral anti- 
bodies. Actually, several authors(4,5) have 
observed some antibody formation in 6-MP 
treated animals receiving antigen in Freund’s 
adjuvant, but attribute the incomplete sup- 
pression to the intense stimulus afforded by 
this method of antigen administration. Evi- 
dence has now been obtained that, in the 
guinea pig, 6-MP does not even partly block 
the production of precipitating antibody to 

* Supported by grant from Nat. Inst. of Allergy 
and Infect. Dis., U. S. Public Health Service. 


bovine gamma globulin (BGG) or develop- 
ment of delayed contact dermatitis to picryl 
chloride, though each material is adminis- 
tered without adjuvant. 

Methods. To test its effect on production 
of circulating antibody, 6-MP (Purinethol, 
Burroughs Wellcome) was administered at 2 
dose levels (9 mg/kg/day im. to 300-350 g 
guinea pigs; 40 mg/kg/day i.p. to 400-750 g 
animals) beginning 2 days before and contin- 
uing for 14 days after injection of antigen. 
Fresh solutions were prepared daily by dis- 
solving the 6-MP in 1 N NaOH, adjusting at 
once to pH 9.0 with 0.1 M KH2PO,, and di- 
luting to 10 mg/ml with distilled water. 

Each test and control animal was bled 
from the heart prior to and 14 days following 
a single intraperitoneal injection of 5 mg of 
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TABLE I. Precipitins to BGG Following Primary Antigenic Stimulation of 6-MP Treated 
Guinea Pigs. 


es 


No. animals with 14-day anti-BGG titer® of: 


Total No. 
Daily treatment Ot 1/2 1/4 1/8 1/16 1/32 1/64 animals 
-MP, i.m. 3 2 2 3 11t 
tee ee 2 1 2 2 2 10 
40 mg/kg 6-MP, i.p. 2 2 ‘ 
pH 9.0 buffer, i.p. 1 i| 1 1 


* Dilution of serum before addition of antigen. 
+ 0 = no reaction in test with 1/2 dilution of serum. ; ; 
+ Four animals received 6-MP in 0.1 N NaOH instead of in pH 9.0 buffer. 


BGG (Armour Fraction II) in 1 ml saline. 
Most of the animals were bled again 9 weeks 
later, immediately prior to and 5 days after 
a second 5 mg dose of BGG given subcutane- 
ously. Serial dilutions of all sera were tested 
for antibody by mixing with an equal volume 
of 0.2 mg/ml BGG in 1% sodium acetate and 
reading for turbidity following incubation for 
1 hour at 37°C and storage overnight at 4°C. 
To study the effect of 6-MP on develop- 
ment of delayed contact hypersensitivity, 6 
or 40 mg/kg/day was injected into 2 groups 
of albino guinea pigs beginning 2 days before 
and continuing for 9 days after intracutane- 
ous inoculation of a total of 15 ug of picryl 
chloride (aqueous solution) into 6 nuchal 
sites. On the eighth day after antigenic sti- 
mulation, the 6-MP treated animals were 
compared, in respect to extent of contact hy- 
persensitivity produced, with guinea pigs that 
had received only the picryl chloride inocula- 
tion. Reactions were evaluated 24 and 48 
hours following dermal application of one 
drop of 1% picryl chloride in olive oil(6). 
As a control on the effect of 6-MP upon 
production of circulating antibody by guinea 
pigs, the drug was injected (9 mg/kg/day 
im.) into each of 7 female rabbits, beginning 
2 days before and continuing (in the case of 
4 of the animals that survived the regimen) 
for 12 days following a single intraperitoneal 
injection of BGG (30 mg); 7 additional rab- 
bits in the same weight range (2300-3800 g) 
received only the antigen. Animals were 
bled prior to administration of 6-MP as well 
as 12 days after injection of antigen, and se- 
rial dilutions of all sera tested for antibody 
content by the precipitin test and by agglu- 
tination of “tanned” BGG-coated erythro- 
cytes according to the technic of Boyden. 


Results. Table I shows that, following a 
single inoculation of BGG in saline, guinea 
pigs injected with either 9 or 40 mg/kg/day 
of 6-MP formed antibody as well as or per- 
haps better than animals that had not re- 
ceived the drug. Thus, precipitin titers of 
1:8 or higher were found in 12 of 15 6-MP 
treated animals, as compared with 9 of 14 
animals receiving no drug; precipitins were 
not detected in sera from 3 drug-treated ani- 
mals or from 2 controls. Sera of all animals 
were negative prior to the primary antigenic 
stimulus. 

Table II summarizes the secondary re- 
sponses of a number cf the above 6-MP 
treated and control guinea pigs to a further 
small dose of BGG given 9 weeks after pri- 
mary stimulation. All but one of the animals 
receiving 6-MP prior to and _ concurrently 
with the second antigenic stimulus showed a 
rise in precipitin titer. There was no sig- 
nificant difference in extent of the anamnestic 
response of the 6-MP treated and control 
guinea pigs. 

In separate experiments (Table IIT) 6-MP 
treated guinea pigs, inoculated with a min- 
ute amount of picryl chloride, responded with 
development of delayed dermal hypersensi- 
tivity to picryl chloride as pronounced as that 
seen in control animals. 

In contrast to these observations in guinea 
pigs, and in keeping with the original data of 
Schwartz ef al.(1-3), each of the 4 rabbits 
surviving the 6-MP treatment failed com- 
pletely to produce antibody to BGG as 
judged by the negative results in precipitin 
tests with undiluted and diluted sera as well 
as in the more sensitive hemagglutination test 


employing BGG-coated erythrocytes (sera 
tested in dilutions as low as 1:10). Five of 
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TABLE II. Precipitins to BGG Following Secondary Antigenic Stimulation of 6-MP Treated 
Guinea Pigs. 
Re No. animals with anti-BGG titer* of: 
Bleeding, in rela- Total No. 
Treatment tion to 2° BGG inj. Ot 1/2 1/4 1/8 1/16 1/32 1/64 animals 
6-MPt lday before 3 5 1 9 
5 days after 1 1 2 4 il 9 
None lday before 6 3 9 
5 days after 3 1 4 1 9 
* Dilution of serum before addition of antigen. 
ie, = no reaction in test with 1/2 dilution of serum. 
_ ¢ Animals reinjected with 6-MP (9 mg/kg im. or 40 mg/kg ip.) on 7 successive days, be- 
ginning 2 days before secondary antigenic stimulation. 
the 7 control rabbits subjected to the same  encephalomyelitis in guinea pigs(4). Even 


antigenic stimulus showed precipitins in dilu- 
tions of 1:4 to 1:16 and hemagglutinins to 
BGG-coated erythrocytes at titers of 1:1280 
or greater; only one control animal failed to 
produce detectable anti-BGG. 

Discussion. The inability of 6-MP treat- 
ment to inhibit antibody formation to BGG 
in the guinea pig, or to suppress skin sensi- 
tization to picryl chloride in this species, is 
in complete contrast to the capacity of the 
drug to block totally the primary humoral 
antibody response in rabbits. The basis for 
this divergence is unknown. However, the 
possibility that some species of animals may 
be inherently insusceptible to 6-MP as an in- 
hibitor of immunological responses (perhaps 
because of unusual pathways for destruction 
or elimination of the drug) must be seriously 
considered. Meeker et al.(7) have suggested 
that the effect of 6-MP in prolonging skin 
homograft survival may be limited to certain 
species, since this particular effect could be 
demonstrated in rabbits but not in mice. On 
the other hand, the same laboratory group 
has reported without experimental details, 
that 6-MP prevents the production of allergic 


TABLE III. Delayed-Type Sensitization to Picryl 
Chloride in 6-MP Treated Guinea Pigs. 


No. of animals showing skin 
reactions* 


6-MP 
treatment Neg. Intermed. Mod. strong 
6 mg/kg 1 1 3 
iad 0 2 2 
None 0 2 2 


* Neg., Intermed., Mod. strong = practically no 
erythema, faint pink reaction, pale pink or greater 
erythema at 48 hr (reaction peak). Two normal 
animals (toxicity controls) gave Neg. reactions. 


though this observation may be substanti- 
ated, the present experiments indicate clearly 
that the guinea pig is in a totally different 
class from the rabbit with respect to the ef- 
fect of 6-MP. 


The gross toxicity of 6-MP for rabbits, 
manifested by weight loss and sometimes by 
death, is well known(1,5,8,9) and is seen 
again in the present work; in contrast, the 
physical condition of all our guinea pigs re- 
ceiving the drug remained good. That is, 400- 


750 g animals treated with 40 mg/kg/day re- 


mained at about their initial weight, while 
younger animals (300-350 g) treated with 9 
mg/kg/day actually gained weight, although 
not as rapidly as controls. 

Summary. Administration of 6-mercapto- 
purine in doses as great or greater than those 
which effectively inhibit the immunological 
responses of rabbits failed to show suppres- 
sive action in guinea pigs. No depression was 
found in the production of precipitins by 
guinea pigs following mild stimulation by a 
soluble protein antigen (BGG), nor in devel- 
opment of delayed hypersensitivity in re- 
sponse to sensitization by a simple chemical 
(picryl chloride). These findings are incom- 
patible with the view that 6-MP is a general 
inhibitor of antibody synthesis in all animal 
species. 

ADDENDUM. After submission of this 
article for publication our attention was di- 
rected to a statement by Salvin and Smith 
(J. Exp. Med., 1960, v111, 465) that 6-MP 
in quantities up to 75 mg/kg/day does not 
prevent the appearance of delayed or Arthus 
types of hypersensitivity in guinea pigs. 
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Solubilization of Serotonin and Related Compounds in Benzene-n-Butanol 


in Presence of Human Plasma.* 


(26802) 


Grace P. Kersy AND S. M. TayLor 
Department of Medicine, Duke University Medical Center, Durham, N. C. 


Recent studies in this laboratory(1) have 
suggested that, in the presence of a nondia- 
lyzable factor present in human plasma, sero- 
tonin is taken up iz vitro by human platelets 
as a complex with divalent cations. Uptake 
of serotonin by intact platelets was consid- 
erably enhanced by presence of plasma. The 
enhancement of uptake was partially pre- 
vented by addition of disodium EDTA or of 
Mg* but not by addition of disodium calcium 
EDTA; it was blocked by simultaneous addi- 
tion of disodium EDTA and Me™. Serotonin 
was shown further to be capable of solubiliz- 
ing calcium phosphate, indicating some form 
of complexing with Ca**. 

In the present study the extent of solubili- 
zation of serotonin and related compounds in 
fat solvents was explored further in presence 
and absence of human plasma. An in vitro 
system was used, patterned after that of 
Woolley(2) who has extracted a lipid from 
animal tissues capable of solubilizing sero- 
tonin in benzene-butanol in the presence of 
Ca~. This extract has been postulated to 
contain the nonenzymic portion of serotonin 
receptors. Woolley later demonstrated (3) 
increased transport of radioactive Ca** into 


* This work was supported by grants from Nat. 
Inst. of Arthritis and Metab. Dis., Bethesda, Md., 
and Am. Heart Assn. 


benzene-butanol im vitro in the combined 
presence of added receptor substance and 
serotonin. 

Human plasma was found capable of solu- 
bilizing serotonin and a number of other sub- 
stances in benzene-butanol. However only 
serotonin and tryptamine of the substances 
tested showed reversal of this effect in the 
combined presence of divalent cations and 
chelators. The overall findings supported the 
hypothesis that divalent cations bound to a 
portering substance or substances present in 
human plasma could form a complex with 
serotonin or tryptamine to solubilize these 
substances in benzene-butanol in the absence 
of competing chelators. 


Methods. In experiments patterned after 
those of Woolley(2), one ml of physiologic 
saline (with or without added Ca**+ or Mg*, 
270 «M, and/or disodium EDTA,t pH 7.4, 
or disodium calcium EDTA,t pH 6.9, 270 
pM) was added to 6.0 ml of platelet-free 
plasma (from venous blood, using disodium 
EDTA and processing as in earlier studies 
(4) but discarding platelets) either non- 
dialyzed or dialyzed (revolving against a to-— 
tal of 75 volumes in 5 increments of balanced — 


t As Endrate Disodium or Endrate Disodium Cal- | 
cium, kindly made available by Abbott Laboratories. — 
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TABLE I. Solubilization of Serotonin in Benzene-Butanol in Presence of (a) Non-dialyzed and 
(b) Dialyzed Human Plasma.* 


Serotonin Duplieate 

GAL >< 103) recoveries, 
recovered from % 

Serotonin (0.25 wM) added to:* Plasma added* benzene-butanol variation 
(a) Balanced buffered salt solution None 86 2.2 

Idem + disodium EDTA ie .O7 0 

Physiologie saline Non-dialyzed 2.45 1.5 
Disodium EDTA + saline 3 1.83 4.1] 
3 ealeium EDTA + saline ss Dhol Sell 
MgSO, 5 1.74 ae 
Disodium EDTA + MgS0, YY 61 7.6 
ed calcium EDTA + MgSO, ae 1.56 5.4 
(b) Physiologic saline Dialyzed 74 9.8 
Disodium EDTA + saline ‘ ariel 6.9 
= ealeium EDTA + saline 5 74 8.3 
MgSO, Hs 81 7.5 
Disodium EDTA + MgSO, i 81 3.1 
¥ calcium EDTA + MgSO, 3 89 4.1 


* See Methods for details. 


buffered salt solution? plus original disodium 
EDTA concentration of 2.69 « 10°M over 
a 48-hour period at 5°C). Control tubes with 
6.0 ml of balanced buffered salt solution (pH 
7.6) instead of plasma were included in every 
experiment. Test substance (0.25 »M) was 
added in 1.0 ml of balanced buffered salt so- 
lution or saline as indicated in tables, with or 
without added Ca*+ or Mg*t, 270 »M. The 
mixture was shaken vigorously in glass-stop- 
pered tubes with 10 ml benzene-n-butanol 
(1:1) for 5 minutes at room temperature and 
then centrifuged at 100 g to completely clear 
the benzene-butanol layer. Five ml of the 
clear top organic layer was transferred to a 
clean glass-stoppered tube containing 2 ml 
0.1N HCl. The tube was shaken and centri- 
fuged as before; the organic solvent was suc- 
tioned off and discarded, and 10 ml benzene 
were added to the aqueous layer. After re- 
shaking and re-centrifuging, the acid aqueous 
layer was transferred with a Pasteur pipette 
to a quartz cuvette for analysis of spectrum 
and measurement of test substance, using an 
Aminco-Bowman Spectrophotofluorometer. 
The test substances used, and the activation/ 
fluorescent wave length used for measure- 
ment, were as follows: ‘“L” Tryptophan 


+ Ten ml stock solution (7.5% NaCl, 0.75% KCl, 
0.1% NasHPO,, 0.12% KH PO,, 0.05% K,HPO,) 
and 7 ml 1% NajHPO, per 100 ml, aqueous (total 
phosphate concentration, 6.7 x 103M). 


(N.B.C.) at 270 my/330 my, tryptamine 
HCl (N.B.C.) at 270 mp/355 my; serotonin 
creatinine sulfate (kindly made available by 
Upjohn Co.) at 295 my/335 my; 5-hydroxy- 
indole-3-acetic acid (SHIAA; Calif. Found. 
Bioch. Research) at 285 mp/335 my; 1- 
benzyl-2-methyl-5-methoxytryptamine (BAS; 
kindly made available by Merck, Sharp and 
Dohme) at 290 mp/360 my; tyramine mono- 
hydrochloride (N.B.C.) at 270 mpz/330 my; 
norepinephrine (Levophed Bitartrate, Win- 
throp) at 270 mu/320 mp. A 3-point stand- 
ard curve of test substance in appropriate 
amounts in 0.1N HCl was measured simul- 
taneously in each instance. The nature of the 
experiment precluded subjecting the stand- 
ards to the entire extraction procedure, since 
untreated standards were insoluble in ben- 
zene-n-butanol. However, as noted, controls 
of 0.25 »M of test substance in 7 ml of bal- 
anced buffered salt solution (pH 7.6) were 
carried through the entire procedure in each 
experiment so that the amount of test sub- 
stance carried over non-specifically in each 
extraction could be assessed. All tests were 
run in duplicate. Experimental variation for 
each determination is indicated in the accom- 
panying tables. With 3 exceptions noted in 
Table II, all determinations checked within 
10%. 

Results. Results are summarized in Tables 
I-III. In the presence of human plasma, sera 
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TABLE IL. Effect of Divalent Cations on Solubilization of Serotonin in Benzene-Butanol.* 
EEE EE = 
EEE EL 


Serotonin Duplicate 

(uM X 10) recoveries, 
recovered from Jo. 

Serotonin (0.25 1M) added to:* Plasma added* benzene-butanol variation 
(a) Balanced buffered salt solution None 86 2.2 
Physiologie saline Non-dialyzed 2.45 1.5 
CaCl, if 1.35 4.8 
Disodium EDTA + CaCl, a .70 7.8 
MgSO, fe 1.74 11 
Disodium HDTA + MgSO, ze 61 7.6 
b) Physiologie saline + CaCl, None 56 4.9 
fe Cac, Non-dialyzed 1.35 4.8 
PO, buffer (0.25m) + CaCl, None .25 7.3 


* See Methods for details. 
sion). 

tonin was partially solubilized in benzene- 
butanol (Table I-a). In testing the effect of 
dialyzed plasma in the system, the original 
plasma concentration of added disodium 
EDTA was maintained in order to take ad- 
vantage of the tighter chelating action of 
EDTA over that of the plasma proteins. Thus 
both originally bound and free divalent ca- 
tions were dialyzed out of the plasma, to the 
extent achievable by use of 75 volumes of 
dialyzing balanced buffered sait solution with 
added disodium EDTA over a period of 48 
hours. As noted in Table I-b, solubilization 
of additional serotonin into benzene-butanol 
in the presence of plasma was completely sup- 
pressed by prior plasma dialysis which, 
among other things, was sufficient to remove 
virtually all originally bound and free Ca** 
and Mg** from the plasma. 

In the absence of competing chelator, over- 
all solubilization of serotonin was somewhat 
decreased by addition of Ca** or Mg** in the 
presence of nondialyzed plasma (Table II-a). 
Addition of either Ca*t or Mg*+ and disodium 
EDTA with its tighter chelating action than 
plasma-binding-substances completely sup- 
pressed the enhanced solubilization of sero- 
tonin in benzene-butanol in the presence of 
plasma (Table II-a). Addition of disodium 
calcium EDTA had little suppressive effect in 
the presence of Mg** (Table I-a). 

Substitution of hyperphysiologic phosphate 
buffer (0.25M, pH 7.0) for plasma in the in 
vitro system to which serotonin and Ca*+ were 
added resulted in suppression of solubiliza- 


(a) and (b) refer to comments in text (see Results and Discus- 


tion of serotonin in benzene-butanol (Table 
II-b). 

As shown in Table III, serotonin was not 
alone among substances tested in being solu- 
bilized in benzene-butanol by a factor or fac- 
tors present in human plasma. The degree of 
solubilization on addition of plasma was pro- 
portionally greatest with tyramine and least 
with the serotonin analogue, BAS. However, 
only serotonin and tryptamine exhibited re- 
versal of enhanced solubilization in benzene- 
butanol by human plasma when disodium 
EDTA and Mg** were added. Only trypta- 
mine (Table III-b) of the substances tested 
showed a pattern of change to all test addi- 
tions (i.e., disodium EDTA, disodium cal- 
cium EDTA, Mg** and combinations there- 
of) which was identical to the pattern exhib- 
ited by serotonin (Table I-a). 

In the studies reported in Table III, the 
fluorescent spectra of the substances ex- 
tracted from benzene-butanol solution into 
O.1N HCl were identical with those of the 
original substance used, with 3 exceptions: 
Tyramine and norepinephrine showed a slight 
but definite shift of fluorescent spectrum 
toward the visible end of the spectrum when- 
ever plasma had been used in the in vitro 
system. It was thought possible that the test 
substance in each instance might have dis- 
placed some naturally occurring substance 
from its plasma binding site and that this 
substance was then solubilized in benzene- 
butanol and extracted. However, this could 
never be established, if so, and the substances 
measured were definitely shown not to be 
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TABLE III. Solubilization of Related (to Serotonin) Compounds in Benzene-Butanol.* 
See——e—eo—=“=$swOMnOOOT@0O0*WODMn9"DoO09)9}|oqoQoqQooooooooooWw_._eoe 
Recovery of 
added compound Duplicate 
(uM XX 10-*) recoveries, 


from benzene- % 
Compound added (.25 »M) to:* Plasma added* butanol difference 
(a) Tryptophan* 
Balanced buffered salt solution None 1,24 0 
Idem + disodium EDTA 2 7 5.7 
Physiologic saline Non-dialyzed 2.42 2.8 
Disodium EDTA 4+ saline 2 2.43 1.4 
s calcium EDTA + saline a 2.43 1.4 
MgSO, y 2.43 1.4 
Disodium EDTA + MgSO, y 2.52 0 
2 ealecium EDTA + MgSO, - 2.45 0 
(b) Tryptamine* 
Balanced buffered salt solution None 4,21 9:7 
Idem + disodium EDTA iy 3.92 3.7 
Physiologic saline Non-dialyzed 8.35 1.4 
Disodium EDTA + saline ee 6.69 Wor 
ae calcium EDTA + saline se 7.49 1.6 
MgSO, Y 6.66 2.6 
Disodium EDTA + MgSO, ‘ 3.46 ilo 
vi calcium EDTA + MgSO, <f 6.58 1.8 
(ec) Tyramine* 
Balanced buffered salt solution None 1.39 6.1 
Idem + disodium EDTA 2 WL Bul 6.5 
Physiologic saline Non-dialyzed 7.69 6.6 
Disodium EDTA + saline * 7.39 19.4 
sé ealcilum EDTA + saline 2 8.79 Ul 
MgSO, 3 7.69 6.6 
Disodium EDTA + MgSO, 2 6.33 8.0 
eH calcium EDTA + MgSO, e 7.69 6.6 
(d) BAS* 
Balanced buffered salt solution None 84 8.6 
Idem + disodium EDTA 2 .99 9.8 
Physiologie saline Non-dialyzed 1.3 0.9 
Disodium EDTA + saline Z 1.28 leo 
iN ealcium EDTA + saline e 1.12 10.8 
MgSO, zy 1.26 El 
Disodium EDTA + MgSO, y 131 5.5 
z: calcium EDTA + MgSO, # iL ty) 
(e) HIAA* 
Balanced buffered salt solution None 15 25.0 
Idem + disodium EDTA # 15 0 
Physiologie saline Non dialyzed 07 9.8 
Disodium EDTA + saline He 56 6.7 
zy ealeium EDTA + saline i OO 6.7 
MgSO, ee 61 Sheil 
Disodium EDTA + MgSO, 60 0 
id calcium EDTA + MgSO, a 61 Sal 
(f) Norepinephrine* 
Balanced buffered salt solution None 32 8.7 
Idem + disodium EDTA 4 fo 0 
Physiologie saline Non-dialyzed 1,34 2.1 
Disodium EDTA + saline 1.22 2.2 
oy calcium EDTA + saline ‘ 1.32 4.2 
MgSO, uy 1,22 2.2 
Disodium EDTA + MgSO, af 1.06 2.6 
4 ealeium EDTA + MgSO, 2 1.20 2.3 


* See Methods for details. 


940 


serotonin by analysis of spectrum. SHIAA 
showed a slight but definite shift of fluores- 
cent spectrum toward the visible end of the 
spectrum in all samples following extraction, 
with or without addition of plasma to the a 
vitro system. These were consistent and re- 
producible observations. 

Discussion. Enhanced solubilization of 
serotonin in benzene-butanol in presence of 
human plasma was suppressed when virtu- 
ally all originally-bound and free divalent ca- 
tions were dialyzed out of the plasma prior 
to testing (Table I-a). When Ca** or Mg** 
was added in molecular excess in the presence 
of plasma, however, solubilization was some- 
what decreased below the level attained with 
nondialyzed plasma alone (Table II-a). If 
solubilization of serotonin in benzene-butanol 
depended simply on complexing with free 
divalent cations, unchanged or increased solu- 
bilization might have been expected in the 
circumstances, and presence of plasma should 
not have been necessary. Such not being the 
case, the observations suggested that plasma 
bound divalent cations were important in the 
solubilization and that addition of an excess 
of free Ca** or Mg** caused a shift in equili- 
brium of complexing of serotonin with bound 
and free divalent cations. 

The complete suppression of the solubiliza- 
tion of serotonin seen in the presence of plas- 
ma in benzene-butanol on addition of either 
Ca** or Mg** and disodium EDTA to the in 
vitro system (Table II-a) was expected from 
earlier data, in view of the tighter chelating 
action of disodium EDTA over that of plas- 
ma binding substances. The order of addi- 
tion of reactants to the system, prior to ex- 
tracting with benzene-butanol, placed sero- 
tonin last in the system. Thus serotonin ap- 
parently complexed with divalent cations 
bound either to plasma components or to 
chelator. No fat solubilization could be dem- 
onstrated with EDTA-chelated complexes, 
however. Addition of disodium calcium 
EDTA had little suppressive effect on solu- 
bilization of serotonin benzene-butanol in the 
presence of Mgt (Table I-a), in contrast. 
Since the molar concentration of chelated 
magnesium far exceeded the molar concentra- 
tion of either calcium or serotonin, this sug- 
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gested preferential (and perhaps sole) bind- 
ing of serotonin with Ca** rather than by 
Mg**. Where suppression of fat solubiliza- 
tion of serotonin was seen in the presence of 
excess Mg** and disodium EDTA, it is prob- 
able that the higher stability constant of Ca** 
chelates over Mg** chelates resulted in con- 
siderable transfer of bound calcium from 
plasma components to the tighter binding of 
the added chelator before the added Mg** 
was chelated. 

Under the conditions of the present study, 
while solubilization of several substances in 
benzene-butanol was demonstrable in the 
presence of plasma (Table III), only tryp- 
tamine of the substances tested shared with 
serotonin the characteristics which suggested 
a possible role of plasma bound calcium in its 
solubilization in benzene-butanol. Collier(5) 
has summarized fairly recently many biologic 
actions shared by tryptamine and serotonin. 
Whether the present findings will ever be 
shown to be related to biologic events in the 
sense of indicating a role in the transport of 
bound calcium through lipoidal cellular walls 
is a matter of conjecture at the moment. It 
is of interest that the im vitro conditions im- 
posed in the present studies duplicated those 
of certain of the platelet uptake studies re- 
ported earlier(1). Where this was true, 
some parallelism was evident between degree 
of solubilization of serotonin in benzene- 
butanol in the present studies and degree of 
uptake of serotonin by intact platelets in the 
earlier studies. A chief difference between 
the present and former studies where in vitro 
conditions were otherwise duplicated was in 
the use of 75% platelet-free plasma in the 
present experiments rather than platelets in 
4% plasma as in the prior(1) experiments. 
The effect of varying plasma concentration 
has not yet been tested in the present system, 
nor has plasma fractionation been done as 
yet to try to determine wherein plasma activ- 
ity lies as regards solubilization of the test 
substances in benzene-butanol. Both studies 
are planned. 

Summary. Using an in vitro system pat- 
terned after that of Woolley(2), serotonin, 
tryptamine, tyramine and several related test 
substances were solubilized in benzene-bu- 
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tanol in varying degree in the presence of 
human plasma. Only serotonin and trypta- 
mine of the substances tested were signifi- 
cantly influenced in their fat solubilization in 
the presence of plasma by addition of an ex- 
cess of Ca** or Mg** and/or chelators to the 
in vitro system. Solubilization of both sero- 
tonin and tryptamine in benzene-butanol in 
presence of plasma was decreased somewhat 
by addition of Ca** or Mg** or disodium 
EDTA in excess to the system. It was elimi- 
nated by addition of disodium EDTA (but 
not disodium calcium EDTA) and either 
Ca** or Mg** to the system, also by prolonged 
prior dialysis of the plasma against balanced 
buffered salt solution plus disodium EDTA. 
The overall findings supported the hypothe- 
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sis that divalent cations bound to a substance 
or substances present in human plasma 
formed a complex with serotonin or trypta- 
mine to solubilize these usually lipid-insol- 
uble materials in benzene-butanol, in the ab- 
sence of competing chelators. 
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1961, v40, 44. 

2. Woolley, D. W., Proc. Nat. Acad. Sci., 1958, v44, 
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3. Woolley, D. W., Campbell, N. K., Biochim. Bio- 
phys. Acta, 1960, v40, 543. 

4. Kerby, G. P., Taylor, S. M., J. Clin. Invest., 
1959, v38, 1059. 
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Influence of Epinephrine and Fasting on Free Fatty Acid Mobilization in 


Goldthioglucose-Induced Obesity. 


NorMAN B. MARSHALL 


(26803) 


(Introduced by R. O. Stafford) 


Department of Nutrition and Metabolic Diseases, The Upjohn Co., Kalamazoo, Mich. 


Regulatory and metabolic types of obesity 
in mice have been described by Mayer(1). 
In the former, accelerated rates of lipogene- 
sis are considered to be a consequence of hy- 
perphagia resulting from hypothalamic dam- 
age. In the latter, it is suggested that hyper- 
phagia is secondary to hyperlipogenesis aris- 
ing from an inherent metabolic defect. 

Recently it was reported that obese-hyper- 
glycemic mice (O-H), representing metabolic 
obesity, exhibit an impairment in their abil- 
ity to mobilize free fatty acids (FFA) im vi- 
tro, from adipose tissue in response to fasting 
and epinephrine stimulation (2). 

To determine whether the defect is related 
to the etiology of the obese-hyperglycemic 
syndrome, or if it is a nonspecific consequence 
of obesity per se, the influence of fasting and 
epinephrine stimulation was investigated in 
goldthioglucoset obese (GTG) mice, an ex- 
ample of regulatory obesity. 

Materials and methods. 50-60 mg portions 
of epididymal adipose tissue were obtained 
from goldthioglucose-induced obese CBA 
mice in the dynamic phase of obesity and 


from lean controls. Obese mice were approxi- 
mately 5 months old, weighed 42-50 g, had 
been obese for 2 months, and were still ac- 
tively gaining weight. Lean mice were the 
same age and weighed 27-37 g. Tissues were 
incubated in a Krebs-Ringer bicarbonate me- 
dium containing 0.1% glucose and 2% bo- 
vine serum albumin. FFA content of adi- 
pose tissue and release into the medium were 
measured 3 hours following addition of either 
epinephrine* or, as in the case of controls, 
water. Analytical methods used are identical 
with those reported earlier(2). 

Resulis and discussion. Adipose tissue 
from fed goldthioglucose obese mice and lean 
controls produced equivalent amounts of 
FFA during incubation without hormonal 
stimulation (Fig. 1). In the lean group, 
epinephrine induced an increase in FFA con- 
tent of both tissue and medium which 
amounted to a 6-fold increase in total FFA 
production (p<.001). Similarly, epinephrine 

* Adrenalin, Parke Davis Co., Detroit, Mich. 

+ Goldthioglucose, 
Bloomfield, N. J. 


courtesy Schering Corp., 
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FIG. 1. The influence of epinephrine on epididy- 
mal adipose tissue content and release of FFA in 
fed goldthioglucose induced obese mice during dy- 
namic phase of obesity and in lean CBA mice. 

FIG. 2. The influence of epinephrine on epididy- 
mal adipose tissue content and release of FFA in 
fasted goldthioglucose induced obese mice during 
dynamic phase of obesity and in lean CBA mice. 


stimulation in the obese group resulted in a 
3-fold increase in total FFA production (p< 
001). 

Results obtained with 16-18 hr fasted ani- 
mals are represented in Fig. 2. Baseline FFA 
production in adipose tissue of lean and obese 
mice was increased significantly (p<.001) in 
response to fasting; the response of the for- 
mer, however, was greater than the latter. In 
both groups, epinephrine evoked an equiva- 
lent increase in FFA mobilization (p<.001). 

These results reveal that adipose tissue 
from goldthioglucose obese mice, unlike that 
of O-H mice(2), significantly increases FFA 
production in response to fasting and epine- 
phrine stimulation. Moreover, the response 
of tissue obtained from fasted GTG mice was 
of similar magnitude as that of tissue from 
lean animals. An impaired response was, 
however, observed in tissue from fed GTG 
obese mice; also, tissues from lean mice gave 
a greater response to fasting than did tissue 
from obese mice. 

Accelerated rates of lipogenesis have been 
reported for fed and fasted obese-hypergly- 
cemic mice and for fed (but not fasted) gold- 
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thioglucose obese mice(3). Since tissues from 
fed and fasted O-H mice and fed GTG obese 
mice also show an impairment in FFA mobi- 
lization, it is suspected that the diminished 
response to fasting and epinephrine stimula- 
tion may be in part a reflection of hyperlipo- 
genesis. 

FFA concentrations of adipose tissue and 
incubation medium are influenced by 2 proc- 
esses: a) rate of lipolysis of tissue triglyceride 
and b) rate of esterification of FFA(4). Es- 
terification of FFA by adipose tissue has been 
shown to be dependent upon the nutritional 
state of the animal in that adipose tissue from 
fasted rats incorporates less FFA into tri- 
glyceride than does tissue from fed animals 
(5). It is possible that FFA released from 
triglyceride in response to epinephrine stimu- 
lation are more rapidly re-esterified in tissues 
actively synthesizing lipid (viz., fed and 
fasted O-H and fed GTG mice), thus sug- 
gesting an apparent diminished mobilization 
of FFA. Accelerated rates of re-esterifica- 
tion of FFA, therefore, may account for the 
diminished response of adipose tissue from 
fed GTG mice to the lipolytic influence of 
epinephrine, and may also be a component in 
the impaired mobilization of FFA in adipose 
tissue from O-H mice. 


Summary. Epididymal fat pad adipose 
tissue obtained from goldthioglucose obese 
mice mobilized free fatty acids (FFA) when 
incubated with epinephrine and in response 
to a 16-hr fast. FFA production was similar 
in adipose tissues of fasted lean and obese 
mice; however, the response of adipose tis- 
sues of fed obese mice was less than that of 
fed lean animals. It is suggested that rate of 
re-esterification of FFA may be a factor in 
the apparent mobilization of FFA in adipose 
tissue. 


The author acknowledges the technical assistance 
of Miss Judy Frye. 
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Effects of Valine-5 Angiotensin II on Excretion of Water and Salt in 


Primary and Secondary Hypertension.* 


(26804 ) 


F. DEL GRECO 
Department of Medicine, Passavant Memorial Hospital and Northwestern University 
Medical School, Chicago, Il. 


Intravenous administration of angiotensin 
in hypertensive subjects promotes an_in- 
creased excretion of water and salt(1). In 
contrast, a similar infusion in normal subjects 
usually results in sodium retention and anti- 
diuresis(2). Whether angiotensin causes na- 
triuresis in subjects with hypertension by act- 
ing directly on the kidney, or by some other 
mechanism is not clear. Since hypertensives 
seem to ingest more salt than normotensives 
(3), it may well be that this dietary factor 
conditions their response to angiotensin. 


The present study deals with the effects of 
intravenous angiotensin under conditions of 
high and low salt intake on renal excretion of 
sodium, potassium and water in subjects with 
hypertension due to primary aldosteronism, 
advanced essential hypertension and chronic 
glomerulonephritis. 

Material and methods. Six subjects were 
studied. One (H.M.) had primary aldoster- 
onism, 2 (H.F.. O.J.) advanced essential hy- 
pertension, and 3 (S.J., B.E., R.D.) chronic 
glomerulonephritis. Resting diastolic blood 
pressure ranged between 110 and 130 mm Hg 
in H.M., H.F. and O.J., and from 90 to 100 
mm Hg in S.J., B.E. and R.D. Degree of 
renal disease varied from severe (S.J., B.E., 
R.D., H.F.) to moderate (O.J.) or no im- 
pairment (H.M.). None of the subjects pre- 
sented symptoms or signs of congestive heart 
failure. 

All subjects were maintained on a fixed Na 
(30 to 90 mEq/day) and K (50 to 90 
mEq/day) intake for one to 6 weeks. 
Daily urines were measured and samples 


of the individual diets saved. After es- 
tablishing Na retention (urinary Na 20 to 80 
mEq/day below intake for at least 10 days) 
in H.M., H.F. and O.J., and Na depletion 
(urinary Na exceeding intake by 20 to 30 
mEq/day for 2 weeks) in S.J., B.E. and R.D. 
an intravenous infusion of 300 cc of 5% 
D/W was given over 6 to 24 hours. On the 
following day, 100 to 200 pg of synthetic val- 
ine-5 angiotensin II (angiotensin I1)t diluted 
in 300 cc 5% D/W was administered intra- 
venously during 6 to 24 hours. 

In one of the subjects (R.D.) on each of 
the following 2 days the effects of intravenous 
aldosterone? alone, 0.5 mg diluted in 300 cc 
5% D/W, and in combination with angioten- 
sin II were also studied. 

Observations similar to the above were re- 
peated in the subject with primary aldoster- 
onism (H.M.) after removal of an adrenal 
cortical adenoma, in one subject (O.J.) with 
advanced hypertension after 3 weeks of re- 
duced Na intake (20 mEq/day), and in 2 
subjects (B.E., R.D.) with chronic glomeru- 
lonephritis after Na depletion had been cor- 
rected by provision of additional salt in tablet 
form (65 and 100 mEq Na/day). 


All subjects were kept recumbent through- 
out the infusions. Blood pressure was de- 
termined at 5 to 30 minute intervals during 
administration of angiotensin II, and less fre- 
quently during infusion of 5% D/W. Blood 
was drawn before and at termination of infu- 
sions. 

Pooled diet samples and urines were ana- 
lyzed for sodium and potassium by flame 


* Supported in part by a grant from J. A. Hart- 
ford Foundation, Inc., New York 


+ Hypertensin Ciba, lot E6429 
t d-aldosterone Ciba, lot E6403. 
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photometry. Plasma and urine creatinine 
chromogen concentration was measured by 
the method of Bossnes and Taussky(4), and 
urine osmolality by the Fiske osmometer. 

Results. In Tables I and II are listed the 
observed data relative to blood pressure 
(BP), 24-hour urine volume (V), urine so- 
dium (Uya), potassium (Ux), osmolality 
(Uosm), urinary sodium to potassium ratio 
(Unayx) and endogenous creatinine clear- 
ance (Co;,)-. 

Effects of angiotensin II infusion in pri- 
mary aldosteronism and advanced hyperten- 
ston (Table I). 1. Administration of angio- 
tensin II under conditions of Na retention 
promoted in H.M. (before adrenalectomy), 
H.F. and O.J. a mild to marked diuresis, a 
more than 2-fold increase in Uy,/L and a 3- 
to 5-fold rise in Uy, /day. In contrast, Ux/L 
did not change, while Ux /day increased from 
12 to 16% and Una;x more than 50% above 
control. Co, rose by 18% in H.M., but did 
not change in H.F. and O.]J. 

2. After Na depletion had been established 
in H.M. (3 weeks following adrenalectomy) 
and O.J. angiotensin II infusion did not alter 
V, though Uy,/L and Uy,/day decreased 18 
and 33 mEq, respectively. Ux/L and Ux/ 
day changed little, consequently Una;x de- 
creased markedly. Co, did not change in 
either subject. 

Effects of angiotensin II infusion in chronic 
glomerulonephritis (Table II). 1. Adminis- 
tration of angiotensin II under conditions of 
Na depletion promoted a slight to moderate 
decrease of V in S.J. and B.E., but not in 
R.D. Uya/L remained nearly unchanged in 
all the 3 subjects, while Uy,/day decreased 
10 and 13 mEq in S.J. and B.E. U/L and 
Ux/day tended to rise in S.J. and B.E., while 
it did not change in R.D. Uya;x diminished 
by 10 to 50%, and Cg, remained unchanged. 

The infusion of aldosterone in R.D. caused 
a fall in Uy,/L and Uy,/day of about 50%, 
and a small rise in Ux/L and Ux/day. Con- 
sequently, Una;x decreased markedly. When 
angiotensin II was added to the aldosterone 
infusion on the following day, no further de- 
crease of Uy, or increase of Ux were found, 
though V and Cc, fell by 8.7 and 14.6% re- 
spectively. 
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2. After a state of Na retention had been 
established in B.E. and R.D. administration 
of angiotensin IT caused a slight to moderate 
rise in V, Uya/L and Uy,/day. Since Ux/L 
and Ux/day were not affected by the infu- 
sion, Uya;x increased. Co, did not change 
in either subject. 

Discussion. ‘These observations show that 
under conditions of sodium retention angio- 
tensin promotes natriuresis and diuresis in 
hypertensive subjects. By contrast, under 
conditions of sodium depletion angiotensin 
tends to cause a diminished excretion of salt 
and water. The results are in accord with 
observations made in the rat(5,6), and em- 
phasize the role of sodium metabolism in 
renal response to angiotensin. 

The fact that angiotensin caused exagger- 
ated natriuresis in the 2 subjects with ad- 
vanced hypertension (H.F., O.J.) as well as 
in those with chronic glomerulonephritis 
(S.J., B.E., R.D.) and in that with primary 
aldosteronism (H.M.) indicates that the phe- 
nomenon is not a specific feature of essential 
hypertension. Peart and Brown(7) have 
found that angiotensin-induced natriuresis 
could be abolished in hypertensives by lower- 
ing the blood pressure to normal levels. It 
is pertinent in this respect that 3 subjects of 
the present study (H.M., H.F., O.J.) having 
a diastolic blood pressure above 110 mm Hg 
exhibited the greatest natriuresis during in- 
fusion of angiotensin. Thus, the results sug- 
gest that renal response to angiotensin is re- 
lated to the height of blood pressure and is 
conditioned by the state of sodium balance. 

The mechanism of angiotensin-induced na- 
triuresis in hypertensive subjects is obscure. 
Understanding of the phenomenon is further 
complicated by the complexity and variety of 
factors affecting the renal handling of so- 
dium. Renin causes less renal vasoconstric- 
tion in the hypertensive than in the normo- 
tensive dog(8), and angiotensin in hyperten- 
sive subjects does not significantly affect glo- 
merular filtration(7). In the patient with 
primary aldosteronism (H.M.) the natriu- 
retic response to angiotensin before adrenal- 
ectomy was associated with a rise of endoge- 
nous creatinine clearance of 18%. This find- 
ing suggests that the natriuresis in this sub- 
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ject might have been due to an increased fil- 
tered sodium. However, there were no 
changes in endogenous creatinine clearance 
in the other subjects exhibiting natriuresis 
(H.F., O.J.), nor in those in whom sodium 
excretion decreased or did not change. One 
might speculate that angiotensin acts directly 
on the renal tubule causing a diminished re- 
absorption of sodium. However, this hypo- 
thesis is difficult to reconcile with the fact 
that adrenal secretion of aldosterone is ele- 
vated in hypertensives and is further in- 
creased by administration of angiotensin(2, 
9). Another hypothesis might be that the 
natriuresis induced by angiotensin represents 
the effect described in the dog(10), wherein 
a rise in the kidney perfusion pressure causes 
increased sodium excretion without changing 
the glomerular filtration rate. 

Summary. Angiotensin II was adminis- 
tered at rates of 0.3 to 0.6 »g per minute over 
6 to 24 hours to 6 subjects with hypertension 
of various etiologies under conditions of posi- 
tive and negative sodium balance. Angioten- 
sin produced hypernatriuresis under condi- 
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tion of positive sodium balance. The effect 
was most marked in those subjects having a 
diastolic blood pressure above 110 mm Hg. 


Miss S. Goodman, Mrs. S. Beacher and Miss M. E. 
Novotny provided technical assistance. Angiotensin 
II (Hypertensin Ciba) and aldosterone (d-aldoster- 
one Ciba) were obtained through the courtesy of Dr. 
W. E. Wagner, Summit, N. J. 
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Ovarian Weight Response to Varying Doses of Estrogens in Intact and 


Hypophysectomized Rats.* 


(26805) 


B. D. SMITH AND J. T. BrapBurRY 
Departments of Anatomy and Obstetrics and Gynecology, State University of Iowa College of 
Medicine, Iowa City 


A dose-response relationship was demon- 
strated for injected diethylstilbestrol and 
ovarian weight stimulation in hypophysecto- 
mized immature rats after a 4-day treatment 
interval(1). A recent study has shown that 
the greatest increase in ovarian weight occurs 
after about 8 days of treatment with large 
doses of estrogen in both intact and hypo- 
physectomized immature rats(2). The fol- 
lowing experiments were carired out to eval- 
uate ovarian weight response after 8 days of 
injection with varying doses of diethylstilbes- 
trol or estradiol. 

Materials and methods. Intact or hypo- 
physectomized Sprague-Dawley rats, 23-25 

* This study was supported by USPHS grant. 


days old, were utilized in groups of 5 animals 
each. Hypophysectomized rats were received 
on the second post-operative day from Hor- 
mone Assay Laboratories, Chicago, Ill. Cor- 
tisone acetate (2.5 mg) was administered 
upon arrival and estrogen injections were be- 
gun on the following day. Daily injections of 
4, 20, 100, 500, or 1000 pg of either diethyl- 
stilbestrol or estradiol, dissolved in 0.1 cc 
peanut oil, were given for 8 days. Uninjected 
control animals were caged separately. The 
animals were asphyxiated with natural gas 
24 hours after final injection. The ovaries 
were dissected free, weighed on a Roller- 
Smith torsion balance, and prepared for mi- 
croscopic examination. 
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FIG. 1. Avg ovarian weights of rats treated 
with varying doses of diethylstilbestrol for 8 days. 
Stand. error of mean indicated by vertical bars. 
FIG. 2. Avg ovarian weights of rats treated 
with varying doses of estradiol for 8 days. Stand. 
error of mean indicated by vertical bars. 


Relative follicle size was estimated by ex- 
amination of randomly selected fields in sev- 
eral ovarian cross-sections. An eyepiece grid 
was utilized which outlined an area of 1 sq 
mm at 100 power magnification. All follicles 
within this area were counted and the average 
number of follicles per grid area was deter- 
mined for each dose level of stilbestrol. 

Results. Fig. 1 depicts average ovarian 
weights of rats treated with varying doses of 
diethylstilbestrol. | Step-wise increases in 
ovarian weight were produced in hypophysec- 
tomized rats with increasing doses of estro- 
gen. The greatest response was observed 
with 500 pg, although this did not differ sig- 
nificantly from the average weight attained 
with 1000 pg doses. 

No clear-cut sequential pattern of ovarian 
weight stimulation was detected in the intact 
animals subjected to doses of 100 pg 
or less. However, the 2 largest doses brought 
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about significant increases which were com- 
parable to ovarian weights observed in hypo- 
physectomized animals treated in the same 
manner. 

Average ovarian weight response to estra- 
diol injection is illustrated in Fig. 2. Slight 
step-wise increases were produced in hypo- 
physectomized rats and the sequence was 
similar to that obtained with diethylstilbes- 
trol. However, the weights attained after 
treatment with the larger doses of estradiol 
were not as great as those produced by com- 
parable doses of stilbestrol. 

In intact rats, all the test doses of estradiol 
increased ovarian weight over control level; 
but no definitive dose-response pattern was 
apparent. The smallest and largest doses 
were equally effective. 

Histologically, ovarian response to injected 
estrogen was similar to that reported previ- 
ously. Many solid follicles were present, dis- 
tributed uniformly throughout the ovary and 
some of the larger follicles showed the pe- 
culiar peripheral degeneration that others 
have described (1,2,3,4). 

The averages of several counts of the num- 
ber of follicles present within a 1 sq mm area 
of the ovaries from each test group of hypo- 
physectomized rats are listed in Table I. 
Since the fields examined consisted only of 
follicles with a very slight amount of intersti- 
tial tissue intervening, one could assume that 
the average follicular cross-sectional area ap- 
proached the reciprocal of the number of fol- 
licles counted. By estimating follicle size in 
this manner, it appears that the 20 and 100 
pg doses produced comparable increases; and 
500 and 1000 pg produced another similar 
increment (Fig. 3). No counts were done on 
the untreated control ovaries since the inter- 
stitial component between follicles occupied 


TABLE I. Follicle Population per sq mm Ovarian 
Cross-Section after Diethylstilbestrol Treatment. 
Hypophysectomized rats. 


Mean No. of 
Daily dose (ug) follicles/mm? 
4 30.2 
20 20.8 
100 19.2 
500 11.3 
1000 Haley 
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Photomicrographs of ovaries from hypo- 
physectomized immature rats. 


FIG. 3. 


(A) § days treatment with 1000 ug stilbestrol 
daily. 

(B) 8 days treatment with 4 ug stilbestrol daily. 

(C) Untreated control. 


OVARIAN RESPONSE TO ESTROGENS 


an inordinate amount of the grid area. 

Discussion. The dose-response relation- 
ship observed after 8 days of stilbestrol treat- 
ment was similar to that previously reported 
for 4 days of treatment(1). However, after 
8 days treatment, higher average ovarian 
weights were noted with the large doses in 
hypophysectomized rats. Also, as has been 
previously suggested, stilbestrol is more ef- 
fective in stimulating ovarian growth than is 
the natural estrogen, estradiol(1,4). 

The presence of the pituitary body un- 
doubtedly accounts for the lack of a dose- 
response relationship in intact rats. Brad- 
bury reported that small doses of estrogen 
can cause release of gonadotrophins by the 
pituitary of immature rats, and thereby in- 
directly increase ovarian weight(5). How- 
ever, it is felt that the resulting enhancement 
of ovarian growth after injection of large 
doses of estrogen in both intact and hypophy- 
sectomized rats is due to a direct estrogen 
stimulation of the ovary. This proposed di- 
rect effect is further documented by the re- 
sults in hypophysectomized animals where a 
dose-response relationship is manifest. 

Williams found a graded ovarian response 
to increasing doses of estrone (up to 200 ng), 
although ovarian weights did not exceed 11 
mg(4). He proposed that the ovarian growth 
was due to granulosal proliferation, resulting 
in greater follicle size. Other investigators 
have shown that small doses of estrogen (less 
than 1 »g) cause slight increases in follicle 
size(6). The microscopic findings of the 
present study support the observation that 
ovarian response to exogenous estrogen is 
granulosal proliferation. This granulosal re- 
sponse is apparently directly proportional to 
the dose of estrogen administered, as docu- 
mented by increasing follicle size. Enhanced 
follicular growth is in turn reflected in the 
ovarian weights which rise as the estrogen 
dosage is increased. 

Summary. A dose-response relationship 
was demonstrated between ovarian weight 
and injected estrogen in hypophysectomized 
immature rats. No definitive pattern of re- 
sponse was evident in intact animals treated 
similarly. In hypophysectomized animals, 
increases in follicular size were produced as 
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estrogen dosage was raised. The follicular 
growth was characterized by granulosal pro- 
liferation, resulting in many solid follicles. 
Apparently, ovarian weight increments re- 
sulting from increasing estrogen doses are re- 
flections of this enhanced follicular growth. 
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Competition of Antigens as Influenced by Spacing of Heterologous Antigen 


Injections.* 


(26806) 


PETER ABRAMOFF, Mary ANN ZiIcKEst AND CaroLe A. JOYCE 
(Introduced by J. P. O’Brien) 
Department of Biology, Marquette University, Milwaukee, Wis. 


Decreased responses to some antigens fol- 
lowing injection of 2 or more antigens have 
been observed by a number of investigators 
(1-5). In some cases a crowding out has 
been shown to occur when an antigen is in- 
jected into an animal actively undergoing an- 
tibody formation against a previously in- 
jected antigen(6-9). Benjamin and Witz- 
inger(7) found that a preliminary injection 
of horse serum inhibited the formation of he- 
molysin to sheep cells. Glenny e¢ al.(8) 
found a crowding out of the response to diph- 
theria toxoid in guinea pigs when the toxoid 
was injected simultaneously with, or 2, 4, or 
6 days after, an injection of normal horse se- 
rum. Frolova et al.(9) observed a reduction 
in precipitin response of guinea pigs to ox 
serum injected 7-14 days after sensitization 
with horse serum. 

In some cases a more rapid response to 
one antigen in a mixture has been postulated 
as leading to a crowding out of antibody pro- 
duction against other antigens in the inocu- 
lum(1-3). Adler(2) found that simultane- 
ous injection of rabbit serum or hemocyanin 
with rabbit immune globulin into guinea pigs 
impeded antibody production against the rab- 
bit immune globulin and that the degree of 


* Supported by research grants from U.S.P.H.S. 
and Am. Cancer Soc., Milwaukee Division. 
+t Present address: Western Reserve Univ., Cleve- 


land, O. 


this suppression was related to the intensity 
of antibody response to the competing anti- 
gens. Abramoff and Wolfe(3), in quantita- 
tive studies of the primary response to bo- 
vine serum albumin (BSA) and human 
gamma globulin (HGG), at a 20 mg per 
kilogram body weight (mg antigen/KBW) 
dosage level, observed that the chicken sys- 
tem responds earlier to HGG than it does to 
BSA and the HGG is thus able to crowd out 
the response to BSA when these antigens are 
simultaneously injected. However, Abram- 
off(10) has shown that the selectivity of 
HGG could be reduced during simultaneous 
injection of BSA and HGG, at the 40 mg/ 
KBW dosage level, if the animals had been 
presensitized to BSA. Under these conditions 
the responses to both of these antigens were 
significantly reduced. 


The present investigation is concerned 
with further clarification of the mechanisms 
by which one antigen interferes with anti- 
body production against a second antigen 
during primary antibody responses. Re- 
sponses of chickens to single, simultaneous, 
and spaced injections of BSA and HGG at 
a dosage level of 40 mg/KBW have been 
studied. 

Materials and methods. Eighty-two New 
Hampshire Red Chickens (74 males, 8 fe- 
males) of approximately 34 weeks of age 
and weighing 2300-4000 g were used in these 


950 COMPETITION OF ANTIGENS 
TABLE I. Precipitin Production in Chickens* Injected with 40 mg per kg Body Weight of Bovine Serum 
Albumin (BSA) and/or Human y-globulin (HGG). 


Nee 
_——_———_—_————— SS SSS! 


ysafter Group I Group IT Group III Group IV Group V 
rer res single inj. Single inj. Simultaneous inj. HGG inj. 24 hr HGG inj. es 
stimulus BSA (14) HGG@(15) BSA and HGG (15) after BSA (20) after BSA (19) 
Antibody (in ug) nitrogen/ml of undiluted serumt 
BSA HGG BSA HGG BSA HGGS§ BSA HGGS§ 
3 0 0 0 0 0 0 0 0 
4 0 + 0 sis 0 0 0 0 
5 +++ 133 + 23 a Wal se ut +++ 0 42 + 20 0 
6 126 + 26 280 + 34 47+18 421+ 66 SAse idly sei) Wyss oz 0 
‘i 326 -+ 52 298 + 58 328+40 350+60 151+19 200425 400+55 99+ 25 
8 369 + 55 2945+55 441459 239+38 172418 219+22 371453 291 4:47 
9 314 + 45 191+50 402+62 190437 175+16 166420 281+29 334+ 45 
10 227 + 36 1344+ 34 3583-53 155236 166219 110214 228+2)1 271247 
12 191 + 32 78 + 24 245+ 46 107+ 28 1 Se 116 66 + 10 161+ 21 210+ 46 
14 138-225 52 + 19 120+ 36 68+ 24 75+14 234 6 94+18 105+ 23 
16 59 + 12 20-= 58 15+ 23 39+ 18 “yjae ie ise & 35+13 62 14 
18 2+ 8 eae 7 ese iy Wilyae jt Wl+11 +4+++ Iver ty Biss | 


* Animals 34 wk of age when inj. 
+ Mean + stand. error. 


t Number in parentheses represents No. of animals in each group. 
§ Antibody response to HGG measured from inj. of BSA. 


experiments. Antigenic stimulation consisted 
of intravenous injections of purified soluble 
BSAt and/or HGGS prepared in 1% saline 
and standardized to contain 40 mg protein 
per ml. All injections were given on the 
basis of 40 mg/KBW. 

The chickens were treated as follows: 
Group I: 14 birds received a single injection 
of BSA;|| Group II: 15 birds received a sin- 
gle dose of HGG;|| Group III: 14 animals 
received successive injections of BSA and 
HGG within a period of 30 seconds; Group 
IV: 20 chickens received an HGG injection 
24 hours following BSA stimulation; Group 
V: 19 birds received an HGG inoculation 48 
hours after a BSA injection. 

Blood was obtained by wing vein or car- 
diac puncture begining the second or third 
day after first injection and subsequently on 
the 4th, 5th, 6th, 7th, 8th, 9th, 10th, 12th, 
14th, 16th, and 18th days. The sera were 
stored at —20°C previous to testing for anti- 
body nitrogen. Individual serum samples 


t Pentex, Inc., Kankakee, II. 

§ Generously supplied by J. H. Hink, Cutter Lab- 
oratories, Berkeley, Calif. 

|| Injection and bleeding of animals used in this 
series of experiments were carried out during the 
same period of time as injection and bleeding of ani- 
mals used in a study previously reported(10). There- 
fore, Groups I and II serve as controls for both of 
these studies. 


were assayed for antibody nitrogen using the 
Heidelberger quantitative precipitin technic 
as previously described(10). 

Results. Antibody responses to simultane- 
ous injections of BSA and HGG. Earlier 
studies(3) had shown that antibody re- 
sponses of animals simultaneously injected 
with 40 mg/KBW each of BSA and HGG 
showed equivalent decreases of approxi- 
mately 50% to both of these antigens as com- 
pared with their respective controls. How- 
ever, these animals were bled only on the 8th 
day following simultaneous stimulation and 
it was suspected that peak antibody responses 
to these 2 antigens were being reached at 
different times. The present study, in which 
the complete curve of antibody response was 
analyzed following simultaneous injection of 
40 mg/KBW, showed that antibody re- 
sponses to BSA and HGG did indeed reach 
their peaks on different days (Fig. 1B and 
Table I). It can also readily be seen that 
antibody responses to BSA and HGG did not 
differ significantly from their respective con- 
trols. These results are in contrast to earlier 
studies at the 20 mg/KBW dosage level(3). 
At this dosage level antibody response to 
BSA was significantly reduced in mean peak 
titer and occurrence of maximum antibody 
titer was delayed from the 8th day following 
a single injection of BSA to the 10th day fol- 
lowing simultaneous injection with HGG. 
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DAYS AFTER INJECTION 


FIG. 1. Precipitin production eurves of chickens 

following single injections (A) of bovine serum al- 

bumin (BSA)(@) or human gamma _ globulin 

(HGG)(QO), or a combination of these 2 antigens 

inj. simultaneously (B) or at 24 (C) or 48 (D) hr 

intervals. Curves C and D plotted from day of 
BSA inj. 


The antibody response to HGG was unaf- 
fected. 


Antibody responses to BSA and HGG fol- 
lowing a 24 hour delayed injection of HGG. 
Earlier studies(3) also had shown a 2-day 
delay in appearance of the peak response to 
BSA following simultaneous injection of 20 
mg/KBW each of BSA and HGG.  Further- 
more, it had been demonstrated that at 40 
mg/KBW the selective advantage of HGG 
over BSA could be partially overridden by 
simultaneous inoculation of BSA and HGG 
into animals previously sensitized to BSA 
(10). Consequently, in the present study, 
injection of HGG was delayed to determine 
whether this might provide an additional 
means of influencing the ability of HGG to 
alter the response to BSA at a dosage level 
of 40 mg/KBW. 


Results of the experiment in which the in- 
jection of HGG was withheld until 24 hours 
after that of BSA indicate that the response 
to BSA was significantly reduced (Table I, 
Fig. 1A and 1C). Thus, although the re- 
sponse to HGG was itself somewhat reduced, 
these results indicate that, at this dosage 
level, such a delay of HGG injection enables 
HGG to regain the selective advantage over 
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BSA previously observed at the 20 mg/KBW 
dosage level. 

Antibody responses to BSA and HGG fol- 
lowing a 48 hour delayed injection of HGG. 
Results of the preceding experiment raise the 
question as to whether a lapse of 48 hours be- 
tween injection of BSA and HGG would pro- 
duce an even greater suppression of the re- 
sponse to BSA. Whereas antibody response 
to BSA was reduced following a 24-hour de- 
layed injection of HGG, it can readily be 
seen that antibody responses to BSA and 
HGG in animals in which the injection of 
HGG was delayed for 48 hours approximate 
the responses of their respective controls 
(Lables ee hie al ASand 11D.) statistical 
analyses in which responses of Groups IT and 
V to HGG were treated as if superimposed in 
time, revealed no significant differences be- 
tween them. Similarly, the amount of anti- 
body produced against BSA in this experi- 
ment was not significantly different from that 
of its control group. 

Discussion. It has been shown previously 
that both bovine serum albumin and human 
gamma globulin are “good” antigens in the 
chicken system(3,10). However, HGG has 
been shown to possess certain selective ad- 
vantages over BSA(3). At the 20 mg/KBW 
level chickens which readily produced satis- 
factory amounts of antibody in response to 
single injections of BSA produced signifi- 
cantly less antibody against this antigen 
when concurrently injected with HGG. Fur- 
thermore, the peak response to BSA was de- 
layed 2 days, whereas the response to HGG 
remained unchanged. In the present studies 
the selectivity of HGG was altered under cir- 
cumstances of simultaneous injection of BSA 
and HGG at the 40 mg/KBW level insofar 
as antibody response to HGG failed to sup- 
press the response to BSA. These data sug- 
gest that specific optimal dosage levels exist 
for each antigen which permit expression of 
its maximal antibody response. In this re- 
spect, some correlation with the secondary 
response studies of Barr and Llewellyn-Jones 
(4) is possible. They found that a prelimi- 
nary injection of H. pertussis vaccine brought 
about interference with the diphtheria re- 
sponse following subsequent immunization 
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with a combined alum-precipitated diph- 
theria-pertussis prophylactic. Interference 
did not occur, however, when the dosage of 
both antigens in the secondary injection was 
increased considerably. 

It is also evident that the ability of one 
antigen to interfere with the antibody re- 
sponse to another is dependent upon the prior 
immune state of the host(1,4,10,11). Abram- 
off(10) has shown that the selectivity of 
HGG can be reduced during simultaneous in- 
jection of BSA and HGG, at the 40 mg/ 
KBW level, if the animals are presensitized 
to BSA. The present studies, at the same 
antigenic concentration, indicate that the 
selectivity of HGG over BSA may also be 
reduced by delaying injection of HGG for 48 
hours. 

The mechanism by which spacing of injec- 
tions influences the ability of one antigen to 
alter the antibody response to another anti- 
gen appears to be associated with altered in- 
duction periods. A competition occurred be- 
tween BSA and HGG under those experi- 
mental conditions in which induction periods 
were altered so as to be of the same duration 
for both antibody responses; 7.e., simultane- 
ous injection at 20 mg/KBW of each antigen 
(3), simultaneous injection of 40 mg/KBW 
of each antigen following previous sensitiza- 
tion with BSA(10), and HGG injection 24 
hours following BSA stimulation (present 
study). Thus, it would appear that under 
conditions in which these 2 antigens are pre- 
disposed to stimulate the antibody-forming 
mechanism at approximately the same time, 
a competition of antigens occurs, the extent 
of which then appears to be conditioned by 
dosage(3 and present study), spacing of in- 
jections, and previous immune state of the 
animals(10). 

Summary. 1) Antibody responses of 
chickens to single, simultaneous, and spaced 
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injections of bovine serum albumin and hu- 
man gamma globulin at a dosage level of 40 
mg per kilo of body weight are described. 2) 
Under conditions of simultaneous injection of 
BSA and HGG antibody responses to both 
BSA and HGG approximate those of their 
respective controls. 3) Results of the experi- 
ment in which injection of HGG was with- 
held until 24 hours after that of BSA indi- 
cate that antibody response to BSA was sig- 
nificantly reduced. 4) Antibody responses 
to BSA and HGG in animals in which injec- 
tion of HGG was delayed for 48 hours ap- 
proximate the responses of their respective 
controls. 5) It appears that the character 
of the antibody response to simultaneous in- 
jections of BSA and HGG is regulated by the 
parameters of dosage level and timing of in- 
jections. 


The authors gratefully acknowledge the technical 
assistance of Miss Norma Johnson. 
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Effect of Chlorpromazine upon Calcification in vitro. Interaction with 


Isolated Epiphyseal Cartilage of Rachitic Rats.* 


(26807 ) 


ALFRED F. HarRIs AND CONSTANTIN V. TEODORU 
Isaac Albert Research Institute, Jewish Chronic Disease Hospital, Brooklyn, N. Y. 


It has been shown that a turbidimetric in- 
teraction occurs between chondroitin sulfate 
(CSA) and chlorpromazine — solutions(1). 
Since CSA is the main component of cartila- 
ginous tissues, and is considered to play a 
role in the calcification process(2-5), it was 
considered of interest to determine whether 
chlorpromazine would interfere with the os- 
sification of epiphyseal cartilage. Therefore, 
a study was carried out to determine the ef- 
fects of exposure of epiphyseal cartilage ob- 
tained from rachitic rats to various concen- 
trations of chlorpromazine solution, with 
reference to calcification in vitro. 


Material and methods. Calcification in 
vitro was studied by simplification of the 
method described by Sobel, Nobel and 
Hanok(6). Twenty-one day old weanling 
rats were raised on U.S.P. Rachitogenic Diet 
No. 2. Three weeks later they were sacri- 
ficed, and the tibia was dissected and sliced 
longitudinally. The tibial sections were 
placed in calcifying solution and incubated 
at 37°C for 20 hours. To observe the pres- 
ence or absence of calcification, the sections 
were washed with water, placed in 2% aque- 
ous silver nitrate and exposed to the light of 
an incandescent lamp for about 10 minutes. 
Calcification appeared as a dark deposit on 
the surface of the epiphyseal plate. The ex- 
tent of this deposit was estimated by using 
numbers from 0 to 4 for the width of plate 
covered, and by 0, or 1 to 4 plus signs for the 
length of plate covered. Using this method 
the range of values can extend from 0 (0) to 
4 (+-++-+). To obtain a figure represent- 
ing overall calcification for graphic purposes, 
the plus signs representing length were 
treated as numbers (0 to 4), and multiplied 
by the figure representing width. This could 


* Aided by Grants from National Tay-Sachs Assn. 
and Nat. Inst. Health. Part of material contained in 
this paper was presented before Am. Soc. Exp. Path., 
April 10, 1961, Atlantic City, N. J. 


give a theoretical maximum value of 4 (4-++) 
==16. 

The calcifying solution used in these ex- 
periments contained sodium chloride 
(0.07M), potassium chloride (0.005M), so- 
dium bicarbonate (0.022M), calcium chlor- 
ide (0.0025M; 10 mg % calcium) and a 
combination of NaH2PO, plus Na,HPO, at 
a molarity of 0.00161 corresponding to 5 mg 
% phosphorus. The pH was adjusted to 
7.3 with COs. 

Luteocobalti chloride was prepared ac- 
cording to the method of Fernelius(7). All 
other chemicals used in this study were of 
reagent grade.t 

Measurements of turbidity were made 
with the Bausch and Lomb. Spectronic-20 
spectrophotometer, set at a wavelength of 
420 mu. Measurements of metachromasy 
were made with the same instrument, us- 
ing as an index of metachromasy an Opti- 
cal Density Ratio (ODR) which is equal to 
OD 550/OD 635. pH measurements were 
made with the Beckman Model G, pH meter. 

Results. Exposure of tibial sections to 
various concentrations of chlorpromazine re- 
sulted in deposition of the compound, as a 
white precipitate, over the surface of the epi- 
physeal plate. 

Exposure of tibial sections to a solution 
containing 1.0% chlorpromazine and 5% 
luteocobalti chloride (pH 5.81) for 1% 
hours, was not followed by the usual deposi- 
tion of cobalt salt, indicating interference by 
chlorpromazine. Normally both rachitic and 
non-ossifiable cartilage would bind luteo- 
cobalti chloride(3), forming an orange de- 
posit. 

Treatment of tibial sections for one hour 
with chlorpromazine (i.e., 0.5% or 1.41 
10°M) followed by shaking in a solution of 
toluidine blue O plus calcium chloride (2.e., 


t+ The authors wish to thank Mr. M. J. Ritchie, 
Med. Dept., Smith, Kline and French Labs. 
supply of chlorpromazine. 
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FIG. 1. Inhibition of calcification in vitro by 
prior exposure of sections to chlorpromazine. Sec- 
tions exposed to concentration of chlorpromazine 
(as indicated) for one hr, then placed in ealeifying 
solution for 20 hr at 87°C. ‘*C’? represents control 
(N = 22), ‘“W”? represents water (N = 18). To- 
tal No. of treated sections was 51. 
1.06 X 10°M of dye and 0.125 N of cal- 
cium chloride), was not followed by meta- 
chromasy. Usually rachitic cartilage will 
stain metachromatically with solutions of tol- 
uidine blue O and calcium chloride. Con- 
comitant exposure to both 0.5% chlorproma- 
zine and the toluidine blue O calcium chlor- 
ide solution, not only inhibited metachro- 
masy, but caused the deposit of chlorproma- 
zine to become more clearly visible on the 
epiphyseal plate. 

When chlorpromazine was incorporated in 
the calcifying solution at the pH required 
for calcification in vitro (1.e., 7.3) the process 
of calcification was inhibited. Shortly after 
mixing chlorpromazine with the calcifying 
solution, a turbidimetric interaction occurred, 
then at the end of incubation period required 
for calcification, a deposition of needle-like 
crystals was noticed. To eliminate a pos- 
sible direct effect of chlorpromazine upon the 
calcifying solution, sections of rachitic carti- 
lage were exposed to chlorpromazine prior to 
incubation. The sections were shaken for 
one hour and then washed with water and in- 
cubated in the calcifying solutions for 20 
hours at 37°C. 

The results (Fig. 1) while manifesting 
some degree of random variation, indicate 
that calcification is inhibited by concentra- 
tions of chlorpromazine as low as 0.1% (2.8 
< 10°M). Further, degree of calcification 
appeared inversely related to concentration 
of chlorpromazine. 

Untreated control sections gave an aver- 
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age degree of calcification of 6.2. A total of 
27 treated sections were also used as controls 
to the chlorpromazine experiment. Eighteen 
sections were treated with distilled water, and 
9 were shaken with various concentrations of 
HCl down to pH 4.3. In both cases degree 
of calcification did not go below 4.0. In the 
case of unacidified distilled water, average 
degree of calcification for the 18 sections was 
4.6. 

Inhibition of calcification i vitro by other 
agents, 7.e., protamine(2,8) and luteocobalti 
chloride(3) was found to depend on the ra- 


tio: 
( Calcium ) 
Inhibitory cation 


meaning that addition of calcium to the solu- 
tion promoted calcification, preventing in- 
hibition by the inhibitory cations. This re- 
versal of the effect of the inhibitor was also 
produced by calcium in the case of chlorpro- 
mazine as shown in Table I. 

Fig. 2 shows that the turbidimetric inter- 
action between chlorpromazine and CSA is 
a rate phenomenon, the velocity of which 
steadily decreases over the 35 minute period 
of study. In the presence of calcium ion 
(Fig. 2, curve B) rate of growth is initially 
increased, and a maximum optical density of 
1.20 is reached in 10 minutes. From this 
point curve B descends slowly, while curve 
A (ie., without calcium ion) continues to 
rise, so that by the end of the experiment the 
2 curves show tendency to intersect. 

When 1.0 N HCl was progressively added 
to the chlorpromazine-CSA system, no. sig- 
nificant change in turbidity occurred until 
the solution reached pH 2 (Fig. 3). As pH 
decreased below this point the solution be- 
came pink, losing 72% of its turbidity by the 
time it reached pH 1.0. The pink color was 
similar to that of chlorpromazine solutions 
that have been extensively exposed to light. 

The chlorpromazine-CSA system was also 
found to be sensitive to temperature (Fig. 4). 
With increase in temperature (BC) there was 
a decrease in turbidity, so that at 70°C the 
turbidity has been reduced by 88%. Upon 
recooling the system, turbidity rose again, 
this time to a higher value than before (CD). 
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TABLE I. Reversal of Chlorpromazine Inhibition of Calcification In Vitro by .5 nN CaCl,. 


Time of ex- 
Sample posure, hr 
A Control — 
B Water ih 
C CPZ (1%) i 
D ‘‘C’? followed by .5 n 2 
CaCl, 


Significant changes in turbidity started from 
a temperature of about 25°C and above. 
When chlorpromazine was added to the 
toluidine blue O-CSA system (i.e., 1.06 * 
10°°M toluidine blue-O plus 200 y of CSA 
in a total volume of 20 ml) a marked loss of 
metachromasy was noted. At 25°C and a 
pH of 6.2, addition of 2 mg % chlorproma- 
zine diminished the metachromasy by 61%. 
Discussion. The present study indicates 
that chlorpromazine interacts with epiphyseal 
rachitic cartilage, depositing as a white pre- 
cipitate on the plate surface, preventing 
binding of luteocobalti chloride, inhibiting 
metachromasy and finally inhibiting calcifi- 
cation in vitro, the latter process being re- 
versed by excess calcium ions. The meta- 
chromasy of a solution of toluidine blue O 
and chondroitin sulfate is also suppressed on 
titration with chlorpromazine. Further, the 
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interaction between chlorpromazine and CSA 
has been shown to be a rate phenomenon ac- 
celerated by calcium ion. This interaction is 
relatively stable to acid pH (down to pH 
2.0) but is markedly sensitive to temperature 
changes beyond 25°C. In view of the partial 
reversibility of the inhibition of calcification 
in vitro by 0.5 N CaCls, of the demonstrated 
interaction between CSA and_ chlorproma- 
zine, and of the competition between chlor- 
promazine, luteocobalti chloride and_tolui- 
dine blue O for the binding site on the epi- 
physeal surface, it is presumed that this 
binding site is chondroitin sulfate, or the 
CSA-collagen complex of the cartilage. 

Some workers consider that collagen is the 
essential component of the matrix responsible 
for nucleation and crystal growth(9), indeed 
Meyer has suggested that the mucopolysac- 
charides act as templates for development of 
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FIG. 2. Turbidimetric interaction of chlorpromazine with chondroitin sulfate as a function 


of time at room temperature (28°). 
plus 0.45 ml of water. pH 6.2. B) 
0.45 ml of 0.1 N CaCh. pH 6.0. 


A) 2 ml of 2% CSA plus 0.55 ml of 0.4% chlorpromazine 
2 ml of 2% CSA plus 0.55 ml of 0.4% chlorpromazine plus 


FIG. 3. Effect of pH change (acid region) on interaction between chlorpromazine and chon- 
droitin sulfate. 2 ml of 2% CSA plus 0.55 ml of 0.4% chlorpromazine plus 0.45 ml water, 


titrated with 1.0 N HCl at 25°C. 


FIG. 4. Effect of temperature change on interaction 
promazine. 2 ml of 2% CSA plus 0.55 ml of 0.4% chlorpromazine plus 0.45 ml of water. 


between chondroitin sulfate and chlor- 
pH 6.2. 
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the organized fibrous components of connec- 
tive tissue(10). Nevertheless, there is a con- 
siderable body of evidence indicating that 
CSA or a CSA-collagen complex functions as 
the nucleation center. Thus, sulfated muco- 
polysaccharides exist at sites of both normal 
and abnormal calcification(11). Rubin and 
Howard have found an increase in metachro- 
matic staining in regions where active calci- 
fication is occurring. which they attribute to 
an increase in concentration and/or a change 
in degree of polymerization of CSA(5). Neu- 
man has shown that there is a correlation be- 
tween the cation binding capacity of cartilage 
and its sulfate content(4). Miller, Waldman 
and McLean(12) found that basic dyes in- 
hibit calcification im vitro and that this effect 
can be reversed in presence of calcium and 
phosphate. Finally it has been demonstrated 
that protamine(2,8) and luteocobalti chlor- 
ide(3), both of which precipitate CSA from 
solution, can cause reversible inhibition of 
calcification im vitro. 

The fact that calcification im vitro can be 
accomplished after heating rachitic sections, 
followed by treatment with calcium chlor- 
ide, would indicate that enzyme involvement 
is a minimal factor in the process(11), and 
that chlorpromazine is not functioning as an 
enzyme inhibitor in the present instance. It 
is to be noted, however, that chlorpromazine 
does function as an inhibitor of a number of 
enzyme systems. Thus, it suppresses oxida- 
tive phosphorylation(13), cytochrome oxi- 
dase(13), ATPase(13) and D-amino acid 
oxidase(14). 

This interference with the physical process 
of calcification will have more pertinent im- 
plications for the pharmacology of chlorpro- 
mazine, if it can be demonstrated that injec- 
tion of the drug into the living animal, under 
both normal and rachitic diets, can either 
prevent bone formation or potentiate the 
rachitic state. 

Summary. Sections of epiphyseal cartilage 
from rachitic rats, exposed to solutions of 
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chlorpromazine in water, indicated binding 
of chlorpromazine to the cartilage surface. 
In contrast with control, the chlorpromazine 
pretreated cartilage showed little or no calci- 
fication after incubation for 20 hours in a 
calcifying solution, did not stain metachro- 
matically with a toluidine blue O-calcium 
chloride solution, and did not bind luteoco- 
balti chloride. Binding of chlorpromazine 
and/or calcium appeared to be of a competi- 
tive nature, excess of one reversing or pre- 
venting fixation of the other. Parallel chemi- 
cal studies support the assumption that chlor- 
promazine interacts with the chondroitin sul- 
fate of ossifying cartilage. 


The authors are grateful to Dr. Bruno W. Volk for 
aid and encouragement. 
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Inhibitory Effect of Heated Vaccinia Virus on Growth of Vaccinia Virus in 


Earle’s L Cells.* 


(26808 ) 


G. J. GALAssot AND D. G. SHARP 
Dept. of Bacteriology and Immunology, University of N. Carolina School of Medicine, Chapel Hill 


When cultures of L cells were inoculated 
with vaccinia virus at several different multi- 
plicities (M), the yield of virus particles per 
culture cell varied in an inverse manner with 
multiplicity in the range M = 50 to M = 
400(1). In order to learn whether this was 
caused by an excessive number of infectious 
particles(2) or to inhibitory effects of nonin- 
fectious virus in the inocula(3.4,5,6) experi- 
ments were done, and reported here, to test 
the latter possibility. Cultures of L cells 
have been inoculated with fresh virus prepa- 
rations to which have been added known 
numbers of heat-treated virus particles. Other 
cultures have been treated with heated virus 
and later seeded with a challenge dose of ac- 
tive virus. Multiplicities and yields have 
been determined precisely by counting the 
virus particles in the electron microscope. 

The observed inhibitory effects of the 
heated virus preparations are of such magni- 
tude as to offer partial, if not complete, ex- 
planations of the reciprocal relationship cited 
above. They also introduce doubt regarding 
the validity of some titration methods for de- 
tecting residual active virus in heat-treated 
and possibly in otherwise degraded virus 
preparations. 

Materials and methods. The vaccinia 
strain WR (mouse neurotropic) was obtained 
from the American Type Culture Collection 
and adapted to growth(1), in L strain cells 
obtained from Dr. Earle. Virus was kept in 
continuous passage in the cells with transfer 
every 48 or 72 hours. Inoculum was pre- 
pared by subjecting infected cells to 3-minute 
treatment with 9 kc waves. 

Growth medium and details of the L cell 
culture have been previously described(1). 
Cells were scraped from the screw-capped 
tubes or prescription bottles in which they 


* This work supported by grant from Division of 
Research Grants, U.S.P.H.S. 
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were grown and their number determined by 
means of a counting chamber. Virus parti- 
cles were diluted with PBS and counted by 
the agar sedimentation method(7) in the 
electron microscope. For inoculum at a given 
multiplicity the virus and cells were mixed, 
in growth medium, in proportions calculated 
from the counts. These mixtures were sedi- 
mented immediately to bring virus and cells 
together in somewhat less than 7 minutes 
time(8). Heated virus was prepared by 
treating active virus in one ml quantities in 
screw-capped tubes immersed in a 56°C 
water bath for 45 minutes. 


Just prior to inoculation all virus suspen- 
sions were treated 114 minutes with 9 kc 
waves to disperse aggregates that form with 
standing. After sedimentation inoculation in 
the several centrifuge tubes, the supernatant 
fluid was decanted, the cells were then 
pooled, washed and replicate cultures set up 
in screw-capped tubes, each containing 10° 
cells in 1 ml of growth medium. After various 
intervals of incubation at 37°C tubes were 
removed and placed at —20°C to arrest virus 
growth. At the end of the experiment all 
tubes were thawed. The cells were scraped 
off, sonic treated to release and disperse the 
virus which was then counted in the electron 
microscope. 

The term “active virus” will mean fresh, 
unheated inoculum. 

Experiments and results. Freshly prepared 
seed virus was heat treated and applied to L 
cells at a multiplicity of 10. One hour later 
the same cells received active virus at the 
same multiplicity. Control cells received ac- 
tive virus at M = 10 at the same time. All 
cultures were incubated together and the vi- 
rus particle development can be seen in the 
graph, Fig. 1. Active virus increased to 
nearly 9000 particles per cell at 95 hours in- 
cubation. The same virus at the same multi- 
plicity in cells pretreated with 10 M heated 
virus reached a maximum production of only 
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FIG. 1. Inhibitory effect of heated vaccinia virus on growth of active virus in L cells. Cul- 


tures of upper curve received active virus alone, 


M — 10. Those of the lower curve received M 


= 10 heated virus followed, 1 hr later, by M = 10 active virus. _ : 
FIG. 2. Inhibitory effect of ( M — 100) heated vaccinia virus on growth of active virus 
applied to L cells with several time delay periods. —OQ-O-— Control with active virus only, M = 


10. —@-@- No delay (heated and active mixed). 


—-A-A- 1 hr delay. —@HM 2 hr delay. 


FIG. 3. Inhibitory effect of (M = 100) heated vaccinia virus on growth of active virus ap- 
plied to L cells with longer time delay periods. —OQ-O- Control with active virus only, M = 10. 


—MHE 2 br delay. -e-e- 4% hr delay. 


5000 particles in 72 hours which did not in- 
crease on continued incubation to 120 hours. 
Pretreatment of L cells with 10 M heat- 
treated virus 1 hour before inoculation with 
active virus reduced the yield by almost half. 

A second experiment of the same kind but 
with M = 100 heated virus was performed. 
Active virus multiplicity was 10, the same as 
in the first experiment. In one set of cul- 
tures it was applied together with the heated 
virus. Ina second set there was a 1-hour de- 
lay and in a third set a 2-hour delay between 
application of heated and active virus. The 
6 control cultures receiving 10 M active virus 
produced a curve (Fig. 2) reaching a maxi- 
mum yield of 4400 virus particles per cell at 
about 54 hours. Heated virus at M = 100 
applied with the active virus reached a maxi- 
mum of 2200, about 1% of the first set, in 72 
hours with the 1- and 2-hour delay cultures 
producing 1000 and 500 particles per cell re- 
spectively. The mechanics of inoculation are 
such that ‘only 4 sets of 6 cultures can be 
handled at once, so investigation of longer 
delay times had to be done in a separate ex- 
periment. For this, fresh virus and cells 
were used and maximum of growth in the 
control cultures (6200 virus particles per 
cell) was reached at about 72 hours, Fig. 3. 
The yield with the cultures having 2-hour de- 
lay time was 700 per cell or 11% of maxi- 


-A-A- 21% hr delay. 


mum, the same as the result of the first ex- 
periment. Two other sets of cultures chal- 
lenged with 10 M active virus after 4% and 
2114 hours delay reached peaks of yield of 
500 and 330 particles per cell respectively. 

Cultures inoculated with M = 100 heated 
virus alone showed no virus increase during 
91 hours of incubation. There was, however, 
some growth of residual virus which reached 
172 particles per cell at 115 hours incubation. 
Clearly, the heat treatment was not sufficient 
to sterilize the preparation but the amount 
of remaining activity was negligible com- 
pared with the challenge dose of 10 virus par- 
ticles per cell. 

To check the possibility that a very small 
inoculum of active virus followed by a second 
at 10 M with a 2-hour delay would produce 
a growth curve different from the control, 
such a test was made. The initial inoculum 
was 0.1 M. Maximum yield of both cultures 
was the same within counting error, 
16%. 

These results, Fig. 1, reveal the appreciable 
inhibitory effect exerted by 10 heat-treated 
virus particles per L cell upon the growth of 
an active, M = 10 inoculum applied 2 hours 
later. Greater dosage of heated virus, M = 
100, (Fig. 2), has reduced the growth of the 
challenge virus to 14 when applied with it, to 
about 1% when applied 1 hour before and to 


1 


INHIBITION BY HEATED VaccINiIA VIRUS 


about 1/10 when applied 2 hours before. In 
the separate continuation experiment, Fig. 3, 
the depression in yield for the 2-hour delay 
time was again about 90% and further small 
changes were observed when the delay time 
was increased to 4% and to 22 hours. Ap- 
parently most of the inhibitory effect of this 
dosage is manifest at 41% hours. 

Examination of the infected cells in the 
electron microscope by the methods described 
previously(9) showed that all cells were 
grossly infected in control cultures. In cul- 
tures subject to inhibitor again all cells were 
infected but fewer virus particles could be 
seen per cell. This is not the type of observa- 
tion that can be quantitated but it was clear 
that among the cells with 100 M and 2-hour 
delay time (Fig. 2) there was not one cell per 
10 producing virus at maximum rate but 
rather all cells producing virus at a reduced 
rate. 

Each point plotted in Fig. 1-3 was obtained 
from the average count from 5 electron mi- 
crographs. A total of 300 pictures was made 
and all were counted and used. 

Discussion. These are the first data, as 
far as the authors are aware, which show the 
inhibitory effect of a preparation containing 
a known number of heat-treated vaccinia vi- 
rus particles on a known number of tissue 
culture cells. Although the results are char- 
acteristic of interference as described for ul- 
traviolet-treated virus(3,4) and by others for 
other virus-cell systems, the possibility that 
a toxic reaction is involved when 100 virus 
particles are put upon each cell cannot be 
overlooked. It is true that a relatively small 
number, (10 particles) does produce an ap- 
preciable inhibition. It is equally apparent 
that 100 virus particles per cell is a large 
enough dose to come within the range which 
is often regarded as toxic. Speculation on 
this point is probably less profitable than con- 
sideration of this inhibitory effect upon tests 
for residual virus in samples treated with 
heat and other inactivating agents. 

In these experiments maximum virus par- 
ticle yield was depressed as much as 94%. 
These findings clearly illustrate the difficulty 
involved in titrating a small residual virus 
activity in a heated preparation such as 
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might be used for vaccine production. The 
adverse effect of heated virus upon suscepti- 
ble L cells has been shown. Tests have 
shown that this inhibition is not caused by 
the minute amount of active virus remaining 
in the heated preparation. Consequently it 
is necessary to reexamine titration methods 
designed to detect and measure residual ac- 
tive virus in preparations which have been 
heat treated or possibly inactivated by other 
means. A preponderance of heated virus 
which reduces the ability of the test cells to 
produce virus will be expected to alter the 
end point in tissue culture titrations of either 
LD;» or plaque procedures although perhaps 
not to the same extent. It is probable that, 
in such titrations, one is not learning simply 
the number of active virus particles but 
rather some subtle ratio of active to inhibit- 
ing particles; a ratio that may be quite dif- 
ferent from one cell type to another and 
which would be expected to change if the in- 
hibitor effect is itself heat labile. These re- 
marks are not intended to cast doubt upon 
all titrations but only upon those in which 
there is opportunity for a preponderance of 
non-infective but inhibitory virus to predis- 
pose the test cells to reduced response. 

It should be emphasized that the challenge 
dose of active inoculum employed in these 
tests, M = 10, is sufficient to incite new vi- 
rus production at the rate of 130 particles per 
cell per hour 20 hours after centrifugal in- 
oculation of susceptible cells. When such in- 
fected cultures have reached maximum yield 
all the cells can be seen, by electron micro- 
scopy, to be grossly infected. Inhibited cul- 
tures do not have even a few grossly infected 
cells. All seem to be producing virus but in 
lesser quantity. 

Summary. Heated vaccinia virus has been 
applied to cultures of L cells followed by ac- 
tive virus. Multiplicities, determined by 
electron microscope particle count, were 10 
and 100 for heated virus and 10 for challenge, 
active virus. Delay times ranged from 0 to 
21% hours. Substantial inhibition was ob- 
served with inoculation of heated virus at 
M = 10. At M = 100 the growth of a chal- 
lenge inoculum applied 21% hours later was 
94% suppressed. The consequences of these 
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findings are discussed in connection with 
titration of residual virus in heat-treated vi- 
rus preparations. 


The authors express appreciation of the excellent 
technical work of S. W. Wilburn, electron micro- 
scopist. 
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Biochemical Significance of Serum Glycoproteins.* I. Changes in Rat Serum 
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(26809) 
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(With the technical assistance of Virginia Sogoian) 
Departments of Physiological Chemistry and of Anatomy, Wayne State University 
College of Medicine, Detroit 


A wide variety of non-specific traumatic 
conditions(2) are known to cause alterations 
in the proportions of serum proteins. Such 
changes in human serum have been shown by 
electrophoretic studies to involve a reduction 
in the albumin level accompanied by eleva- 
tions in a; and ay globulins(2-8). In a num- 
ber of diseases increased proportions of hex- 
osamines were also observed to migrate elec- 
trophoretically as the a; and ay globulins(7). 
Increases have been reported in the seromu- 
coid fraction and in total protein-bound car- 
bohydrates(8). These observations show 
that the glycoproteins are important factors 
in the alterations of the serum proteins in the 
diseased state. 

Changes are also known to occur in the se- 
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rum proteins of laboratory animals after 
trauma(9-11), thus experimental injury in 
rats results in elevations of a2 and £8 globu- 
lins(12). The total serum hexosamine level 
reaches a maximum value 2 to 4 days after 
trauma(13). According to Boas and Peter- 
man(13) this response to injury is eliminated 
if the animals are kept on a starvation diet. 
Werner(14) prevented the elevation of total 
serum hexosamine in rabbits by chemically 
destroying the liver tissues. The elevated to- 
tal serum hexosamine levels probably reflect 
the increased az and £ globulins, much as de- 
scribed by Bollet for various pathological con - 
ditions in humans(7). No direct observa- 
tions, however, of the distribution of hexosa- 
mines following experimental injury have 
been reported. In this paper are described 
the changes in electrophoretic distribution of 
the hexosamine-containing glycoproteins in 
the serum of rats subjected to 2 standardized 
injuries. 

Methods. Male rats (Yale, Wistar, and 
Holtzman strains) weighing between 200 and 
300 g were injured for the “open wound” 
study by removing a 2.5 cm circle of skin 
just caudal to the scapulae (ether anesthesia) 
or for the ‘‘sponge” study by implanting sub- 


SERUM GLYCOPROTEINS FoLLowING INJURY 


cutaneously a 200 mg piece of Ivalon surgical 
sponge? in the same area. The 2 cm long 
incision was closed with a single skin clip. 
All of the rats were fed ad libitum through- 
out these studies. At the end of 1, 2, 4, 8 
and 15 days the rats were anesthetized and 
a blood sample was removed by cardiac punc- 
ture. A small portion of blood was mixed 
with ammonium oxalate for determination of 
the red cell volume (hematocrit) while the 
remainder was allowed to clot and then cen- 
trifuged to yield the serum samples. To 
avoid complications due to storage, the elec- 
trophoretic studies were performed on the 
same day the samples of serum were obtained. 
Control rats were pair-fed and bled on com- 
parable days with the experimental ones. 

Samples of serum were used for determina- 
tion of total protein(15) and total hexosa- 
mine(16). Proteins were separated electro- 
phoreticallyS (0.008 ml of serum) on What- 
man 3 MM paper using 140 volts for 15 
hours. The strips were then dried at 110°C 
for 30 minutes, rinsed in methanol, and 
stained 30 minutes in a 0.1% solution of 
bromphenol blue in methanol. After wash- 
ing successively in 2 changes of 5% acetic 
acid, and once in acetate buffer (9 g sodium 
acetate * 3H.O in 1 liter of 10% acetic acid), 
the strips were dried for 15 minutes at 110°C. 
The color was intensified by exposure to am- 
monia vapors and the strips were then 
scanned using the Analytrol automatic inte- 
grating densitometer. 

For the electrophoretic distribution of hex- 
osamine-containing glycoproteins, 0.05 ml 
samples of serum were applied to Whatman 
3 MM paper. After electrophoretic separa- 
tion was complete, the strips were dried at 
110°C and stained for several minutes in the 
bromphenol blue solution. The heavily 
stained strips were washed in a 5% solution 
of acetic acid and then dried. Four areas 
were cut from the paper strips, albumin plus 
ay, ag, 8, and y globulins. The 4 portions of 
paper were cut into small pieces and hydro- 
lyzed at 100°C for 6 hours in 1 ml of 2 N 


¢ Polyvinyl alcohol surgical sponge. 200 mg pieces 
of sponge were boiled in several changes of distilled 
water and then were heated at 110°C for 30 min. 

§ Spinco apparatus. 
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HCI in screw-capped test tubes. The partial 
hydrolysates were quantitatively filtered 
through Whatman No. 1 paper and applied 
directly to a column of Dowex 50, prepared 
as described by Boas(17). The filter papers 
and columns were thoroughly washed with 
water until no evidence of bromphenol blue 
persisted in the effluents. The hexosamines 
were then eluted with 2 N HCl and 5 ml of 
the eluates were collected in screw-capped 
tubes. After neutralizing these eluates (phe- 
nolphthalein) with NaOH, 1 ml of acetyl- 
acetone reagent and sufficient water were 
added to bring the final volume to 8 ml. The 
acetylacetone solution was prepared immedi- 
ately before use by adding 0.6 ml of acetyl- 
acetone to 10 ml of a pH 10.2 + 0.1 carbo- 
nate. buffer (3.0 g NaHCO, and 17.2 g 
NaeCOs in 100 ml of solution). The mix- 
tures of sample and acetylacetone reagent 
were heated and extracted with isoamyl alco- 
hol as previously described(16). To 4 ml of 
each of the isoamyl alcohol extracts, 1 ml of 
Ehrlich’s reagent was added (0.6 g p-dime- 
thylaminobenzaldehyde dissolved in 2.25 ml 
of concentrated HCl and 20.25 ml of isoamyl 
alcohol). The optical density was measured 
after 15 minutes in a spectrophotometer at 
530 mp». A standard curve was prepared 
using 3 to 40 pg of glucosamine dissolved in 
7 ml of 7.25% saline. 

Results. The hematocrit and total protein 
values were not significantly altered by the 
injuries inflicted (Table I). However, total 
serum hexosamine level (Table I), in agree- 
ment with published reports(9,13), was sig- 
nificantly elevated 1 to 2 days after both the 
open wound and sponge implantation (P = 
<0.01). 

Fig. 1 shows that the relative distributions 
of a2 and £ globulins increased to maximum 
levels 2 to 4 days after injury and thereafter 
returned to normal. Individual variation in 
response was considerable. However, the 
concentrations (g %) of protein migrating 
electrophoretically as ag and 6 globulins were 
significantly elevated (P = <0.01) above 
control values 2 days after both injuries, 
(Table II). During the first 4 days the al- 
bumin decreased to a minimum for both open 
wound and sponge implantation — studies. 
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TABLE I. Total Serum Hexosamine and Protein Levels of Injured Rats. Forty control rats 

were used; 8-10 rats were used for each time period following injury. Yale, Wistar, and Holtz- 

man rats were used throughout. No significant differences between strains were cbserved. All 
values are reported as mean + stand. dev. 


Days after injury 


Injury 0 1 2 4 8 15 
Open 

Hematoerit 47 +4 47 + 2 47 +2 46 + 3 46 + 2 46 +3 
(%) 

Total protein 664+ 4 a Gee 3! 6.6 3 uaa 63+ .3 6.5 4 


(g/100 ml) 

Total hexosa- 105 +11 121 2=13 hy Seth} Se 7 112) 2216 114 +9 
mine (mg/ 

100 ml) 


Sponge 

Hematocrit 47 + 4 48 + 3 43 + 38 46 + 3 47 +3 45 + 2 
(%) 

Total protein 66+ 4 G1 == 1:0 6.5, == at 6.3 8 6.9 5 6.7 0 
(g/100 m1) 

Total hexosa- 105 +11 113 +12 129 +17 112 +14 105 +7 106 +14 


mine (mg/ 
100 ml) 
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TABLE II. Change in Electrophoretic Distribution of Serum Proteins and Hexosamines in Rats 2 Days Following Injury. 


Hexosamines (mg/100 ml) 


Proteins (g/100 ml) 


— 


No. of 


Albumin + a; 


ay 


Albumin 


rats 


Injury 


18.6+3.4  9.4'+ 2.7 


20.7 + 4.0 


56.0 + 8.3 


40 


None* 
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<aAUil 


<.01 


iyi 


* Control samples taken at 1, 2, 4, 8 and 15 days during experiment. Values did not differ and were, therefore, pooled. 


t Probability. 


There were no alteraticns in serum a; and y 
globulin zones. 

The relative distributions of a, and ~B 
globulins, measured as hexosamines,  in- 
creased to maximum levels in 2 to 4 days 
(Fig. 2). Here also considerable individual 
variation in response was observed. At the 
same time the concentration of total serum 
hexosamine (Table I) increased to a maxi- 
mum level. As a result the actual concen- 
trations of hexosamines migrating electro- 
phoretically as a2 and @ globulins (mg %) 
were significantly elevated (P = <0.01) 2 
days after injury (Table II). The amount 
of hexosamines in the albumin + a; zone and 
the y globulin region remained unchanged. 

These data demonstrate a qualitatively 
parallel response to injury in the serum hex- 
osamines and proteins which are classified 
electrophoretically as az and 8 globulins. The 
increase in protein and hexosamine com- 
ponents of the ay globulins were of similar 
magnitude since the percentage of hexosa- 
mines in the protein was the same after in- 
jury as before (2.3% to 2.4% after injury 
compared with 2.5% in the control). In the 
B globulin fraction, however, the elevation of 
hexosamines after injury was greater than of 
the protein (1.8% to 2.0% after injury com- 
pared with 1.6% in the control). These re- 
sults are explained by an increased produc- 
tion of serum glycoproteins in response to 
injury. 

It is concluded from this study that the 
elevated total serum hexosamine levels eli- 
cited in rats by injury are caused by increases 
in the amounts of hexosamine-containing gly- 
coproteins associated with the uz and £8 globu- 
lin fractions. 

Summary. Changes produced in distribu- 
tion of serum proteins of rats by injury were 
studied using paper electrophoresis. The 
electrophoretic distribution of glycoproteins 
was determined by measuring the concentra- 
tions of hexosamine in 4 zones, albumin ++ 
a;, a2, 8, and y globulins. Parallel elevations 
of serum hexosamines and proteins which are 
classified as a2 and 8 globulins were observed 
in response to 2 kinds of experimental injury. 
These increases reached maximum _propor- 
tions 2 to 4 days after injury. 
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Nature of Polysaccharides Obtained from Endotoxins by 


Hydroxylaminolysis. 


(26810) 


HENRY TAUBER, HAROLD RUSSELL AND WALTER J. GUEST* 
Venereal Disease Experimental Laboratory, Venereal Disease Branch, Communicable Disease Center, 
Public Health Service, University of N. Carolina, Chapel Hill 


Although endotoxins have been investi- 
gated extensively, the exact relationship be- 
tween chemical nature and biologic reactions 
is still unknown. All endotoxins contain 
polysaccharide, lipid, certain amino com- 
pounds(1) and phosphoric acid and are 
known as lipopolysaccharides (LPSP). In 
the present paper endotoxins from 3 differ- 
ent species of bacteria and their lipid-free 
polysaccharides are subjected to a compara- 
tive study. 


Materials and methods. The preparation 
of endotoxin has been previously described 
(1). The lipid moiety of the lipopolysac- 
charides was removed by hydroxylaminolysis 
(2). The separated polysaccharides were re- 
moved from the reaction mixture by centrifu- 
gation for 10 minutes at 1,700 g. The pre- 
cipitates were washed once with alcohol and 
once with acetone and dissolved in water. 
The resultant solutions were dialyzed for 24 
hours. After addition of 1 mg NaCl per ml 
the polysaccharides were precipitated with 2 


* Present address: Venereal Disease Research Lab- 
oratory, Communicable Disease Center, Atlanta, Ga. 


volumes of acetone. The precipitates were 
washed with acetone and dried over sodium 
hydroxide under reduced pressure. The yield 
of polysaccharide was 50-60% on the basis of 
LPSP employed. Saccharides were determined 
by the anthrone method(3) with galactose as 
the standard. Amino sugars were determined 
by Dische’s method(4) after deacetylation. 
The LDs5o values(5) of endotoxins varied 
from 0.25 to 0.30 mg per 18-20 g mouse. The 
polysaccharides were non-toxic at 5 mg. Ma- 
terials used in this study were those from 
Neisseria gonorrhoeae 97, Escherichia coli 
0117:H27 and Salmonella abortus equi. 
Results and discussion. Analytical data 
concerning 3 endotoxins and their polysac- 
charides are summarized in Table I. The ni- 
trogen content indicates that amino com- 
pounds have been retained in the polysac- 
charides and the high phosphorus content 
points to a high degree of phosphorylation in 
all materials. The polysaccharides of E. coli 
endotoxin and of S. abortus equi endotoxin 
were free of lipid and in the V. gonorrhoeae 
polysaccharide the lipid content (stearin 
equivalent) dropped from 23.2% to 1.0% 
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TABLE I. Composition of Endotoxins and Their Polysaccharides.* 
e—=—=<«$@owvs—aoOonaapqyoaooreoOs$=<~<=<=<~<~— OOS eeeT”T-T-i i eT 


No. 


A 
rg 


Type of products 


Saccharide Hexosamine saccharide 


Total Stearin 


equivalent 


il E. coli 0117: H27 LPSP 
1A Polysaccharide of same 


2 N. gonorrhoeae 97-LPSP 
2A Polysaccharide of same 


3 S. abortus equi LPSP 
3A Polysaccharide of same 


bono po fe 


moe WH wh 
bobo pow pos 


oF OL. PO 


36.6 12.5 49.1 13.2 
52.3 24.2 76.5 0.0 
22.0 20.3 42.3 23.2 
33.1 23.1 56.2 1.0 
47.0 atl 54.7 11.2 
60.0 4.7 64.7 0.0 


* All values are given in per cent. 


after hydroxylaminolysis. As expected, there 
was an increase in hexosamine and total sac- 
charide content, after removal of the lipid 
moiety from the lipopolysaccharide molecule. 


The ultracentrifuge patterns of all 3 poly- 
saccharides reveal the presence of a major 
fast moving component and a minor slow 
moving component. The minor component 
is present in lowest concentration in the N. 
gonorrhoeae 97 saraple. When graphically 
extrapolated to zero concentration of the 
specimens, the sedimentation constants (ex- 
pressed in Svedberg units 1 S = 10°% cm/ 
sec/units field) were as follows: for NV. gon- 
arrhoede 975 So = 8:3; E. coli 0117:H27,; 
Seo = 9.2 and S. abortus equi, Soo = 94. 
The rotor temperature was 20°C and solvent 
used was 0.1 M TRIS buffer, pH 8.0. Vis- 
cosity or diffusion measurements were not 
performed. Molecular weights were calcu- 
lated from comparison of these sedimentation 
constants with those found for similar prod- 
ucts and for which particle weights have 
been determined. Thus, the particle weight 
of the major component was found to be in 
the order of 200,000 and that of the minor 


component in the order of 10,000 or a small 
multiple thereof. 

Summary. 1. There are marked differences 
between endotoxins prepared from 3 different 
species of gram negative bacteria. 2. The dif- 
ferences are retained after removal of the 
lipid component from the endotoxins by hy- 
droxylaminolysis. Amino compounds are an 
integral part of both the endotoxin and poly- 
saccharide molecules. 3. Molecular weights 
of the major components of the water soluble 
lipid-free materials are 200,000. 


We wish to thank Dr. Edgar Ribi of the Rocky 
Mountain Laboratory for determining the molecular 
weights. 
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Growth Inhibition of Microorganisms by Thyroid Hormones.* (26811) 
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AND HARRY SOBOTKA 
Division of Liver and Nutrition, Seton Hall College of Medicine, Jersey City, N. J., Haskins 
Laboratories, New York City, and Department of Chemistry, Mt. Sinai Hospital, New York City 


For unknown reasons thyroactive materials 
increase the vit. B;2 (cyanocobalamin) re- 
quirement in rats, mice and chicks(1,2,3). 
This prompted the present investigation 


* Aided by grants from Nat. Assn. for Mental 
Health, Nat. Vitamin Foundation, U.S.P.H.S., Am. 
Cancer Soc. We are indebted to Smith, Kline & 
French for gifts of thyroid hormones. 
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TABLE I. Effeet of Thyroid Compounds on 
Growth Inhibition of O. malhamensis. 


Thyroid compound By (uug/ml) 


(ug/ml) NoB, 10 100 1000 
None .06 6 2.1 3.0 
L-Thyroxine 

3 06 3 92 2.8 
1 .06 12 72 ~=©3.0 
3,5-Diiodothyronine 

30 .06 A oY) 2.8 

100 06 14 44 1.8 
L-Triiodothyronine 

3 .06 42 O08 3.0) 
10 .06 14 58 2.5 
Tetraiodothyroacetic acid 
3 06 4 8 1.3 
6 06 22 32 32 
3,5-Diiodo-L-tyrosine 
30 .06 6 2.5 2.4 
100 .06 54 1.8 igs) 


which reports some inhibitory effects of vari- 
ous thyroid hormones on growth of By. and 
of non Byj»s-requiring microorganisms. 

Materials and methods. The By»2-requirers 
used were (a) the mutant Escherichia coli 
113-3, (b) Lactobacillus leichmannii ATCC 
7830, (c) Euglena gracilis Z strain and (d) 
Ochromonas malhamensis. Methods for By». 
assay with them have been described(4). The 
non By»-requiring counterparts were: (a) E. 
coli ATCC 9637 (the parent strain of FE. coli 
113-3), (b) ZL. casei ATCC 7469, and (c) 
Ochromonas danica. Methods for growing 
these have been reported(5,6,7). Since all 
euglenids require By.(8), non By,»s-requiring 
controls for Euglena could not be included. 
Growth was recorded in optical density units 
by a Welch-Densichron equipped with a red- 
sensitive probe. The protozoa were grown at 
28-32°C under light; bacteria at 37°C. 

Results and discussion. Since only O. dani- 
ca and O. malhamensis were affected by the 
thyroactive materials, detailed studies were 
confined to these 2 flagellates. 

Ochromonas malhamensis. By. overcame 
the growth inhibition induced by L-thyrox- 
ine, 3,5-diiodothyronine, L-triiodothyronine, 
tetraiodothyroacetic acid, and 3,5-diiodo-L- 
tyrosine (Table I): none of the sulfhydryl 
or other reducing compounds (Table II) or 
fatty acids (Table III) were active in this 
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respect. The competitive inhibition index 
(ratio of inhibitor : metabolite) was approxi- 
mately 300 for thyroxine, 3,000 for triiodo- 
thyronine and tetraiodothyroacetic acid, and 
30,000 for 3,5-diiodothyronine. Iodinated 
L-tyrosine was included as a possible pre- 
cursor of thyroxine; it was inert. Our find- 
ings suggest the possibility of using O. mal- 
hamensis as an indicator for thyrotoxic sub- 
stances. 

O. malhamensis has a By» requirement like 
that of higher animals(9). When grown at 
the upper temperature limit its By2 require- 
ment goes up steeply(10). This suggests, by 
analogy, that the B,. system in animals is 
strained under comparable metabolic stress 
(11). A By» upset does exist in thyrotoxi- 
cosis(12). 

Ochromonas danica. Because of the sug- 
gested interplay between Bj. and glutathione 
in hyperthyroidism(13,14), some sulfhydryl 
compounds were included in this study. They 
did not counteract the inhibitory effects of 
the thyroid compounds on O. malhamensis, 
but reduced glutathione completely reversed 
inhibition of O. danica (Table II). Oxidized 
glutathione was not as effective as the re- 
duced form; it did not overcome thyroxine 
inhibition, but was relatively effective against 
the other compounds. Thiouracil enhanced 
inhibition by all compounds. Vit. B,. did not 
reverse inhibition as it did for O. malhamen- 
sis. Thioglycolic acid and homocysteine over- 
came only diiodothyronine inhibition and 
cysteine overcame only the thyroxine and di- 
iodothyronine inhibition. 

Non-sulfhydryl reducing agents were also 
included in this study (Table II); none were 
as effective as reduced glutathione in over- 
coming inhibition. Ascorbic acid overcame 
diiodothyronine and tetraiodothyroacetic acid 
toxicity; it was slightly effective against thy- 
roxine. Sodium metabisulfite was only effec- 
tive against thyroxine inhibition. 

Recent work on the protective action of 
fats on thyrotoxic rats showed that unsatu- 
rated vegetable fats promoted growth(15), 
an effect directly related to the linoleic acid 
content. Except for some reversal of triiodo- 
thyronine toxicity, linoleic, oleic, and stearic 
acids did not overcome the growth inhibition 
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TABLE II. Effect of Thyroid Hormones on Growth of 0. danica.* 


———— ee 2 ee eee rial bene e bea hg oes Ae ee ee 
ee 


Tetra- 
‘ ; 3,5-Diiodo-  3,5,3’-Triiodo- iodothyro- —_3,5-Diiodo- 
Compound Control L-Thyroxine — thyronine thyronine acetic acid L-tyrosine 
(mg/ml) 30 60 100 300 10 30 10 30 100 300 
No compound 1.72 1.22 5 1.24 .88 1.56 24 key) gilt! 1.44 .76 
By (.001) 1.76 L166 144 6 1.6 06 1.68 .22 LS Olea 
Glutathione, 1.8 1°88) 7 1.92 1.82 1.78 1.85 1.84 57h} abgrie? Wee Meas 
reduced (.5) 
Glutathione, 1.78 1.76 48 1.84 1.76 They ales?) 1.8 94 1.74 1.16 
oxidized (.5) 
Thiomalic acid ibsd/ 1G ES 2 oe ales} 1.78 1.34 hyn = 1.64 68 
(5) 
Thiouracil (.5) 1.56 08 .08 oll 12 62 06 08 06 6 14 
Thioglycollic 1.56 148 .68 Tare, ts} 1.62 .04 WG aay 1.52 .88 
acid (.2) 
L-eysteine (.1) Take 1.64 1.46 1.64 1.44 1.72 4 1.68 34 1.42 78 
DL-Homoeysteine 1.8 156 .42 1.78 1.64 1.8 42 Teh PX} WG, 66 
thiolactone (.1) 
Ascorbic acid 1.66 148 92 1.66 1.72 1.76 .74 1.66 1.22 1.52 34 
(5) 
Sodium metabi- 1.74 1.6 1.48 Le ole, 1.8 3 1.0 38 1.62 24 


sulfite (.05) 


* The thyroid hormones were added in concentrations indicated below for each compound in 


ug/ml. 


of the thyroid compounds for O. danica 
(Table III); they were ineffective against 
inhibition of O. malhamensis. Polyoxyethy- 
lene sorbitan monolaurate (Tween 20), mono- 
palmitate (Tween 40), and monooleate 
(Tween 80) were slightly effective; the tri- 
oleate ester (Tween 85) was completely effec- 
tive in overcoming inhibition. 

Animal studies have suggested that gluta- 
thione counteracts thyroxine inhibition by 
stabilizing endogenous vit. By.(16). Lyophi- 


TABLE III. Effect of Fatty Acids on O. 


lized O. danica cells were assayed for Bye, 
but no measurable Bis activity was detected 
(the assay is sensitive to 10 py»g/mg of dried 
cells). 


Mitochondrial derangement is corrected by 
B,2(16); it is postulated that By. protects 
mitochondrial integrity by maintaining the 
sulfhydryl level. The absence of measurable 
By» in O. danica may mean that the organism 
is more dependent on exogenous or endo- 


danica Inhibition by Thyroid Hormones. 


Thyroactive compounds No 


linolenic, stearie 


Compounds (ug/ml) 
Oleic, linoleic, 


Tween 20, Tween 40, Tween 85 


(ug/ml) compound acids (10)* Tween 80* (50) (50) 

None 1.78 1.74 1.54 1.5 
L-Thyroxine 40 54 64 1.14 1.66 
80 22 .oo 84 1.68 
3,5-Diiodothyronine 150 54 58 1.16 Wea 
300 38 .22 54 1.18 
3,5,3’-Triiodothyronine 15 84 1.2 1.26 1.76 
30 14 .28 5 1.58 

Tetraiodothyroacetic 15 1.2 1.42 1.28 Se 
acid 30 36 4 52 1.44 
2,5-Diiodo-L-tyrosine 150 1.24 1.4 1.28 1.42 
on aA = 
300 .6 .66 76 1.02 


* Data given were obtained with the first compound of each group. Results with other com- 


pounds were similar. 
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genous sulfhydryl for mitochondrial protec- 
tion. 

O. danica resembles thyrotoxic animals in 
responding to fatty acids(15). Although li- 
noleic acid was not active, Tween 85 per- 
mitted growth. The activity of Tween 85, 
contrasted with the inactivity of oleate and 
linoleate, raises the question of how much of 
the activity of Tween 85 is attributable to 
compounds other than the pure fatty acids 
used here. Since glutathione affects redox en- 
zymes, the action of Tween 85 and gluta- 
thione may relate to their ability to maintain 
a redox potential favorable for mitochondrial 
function. Whether this involves the redox 
behavior of By,» itself remains to be seen. In 
Tetrahymena, a similar reversal of alkoxy- 
2,6-diaminopyrimidine inhibition has been 
shown for soy bean lecithin(17); the active 
components of the lecithin were not identi- 
fied. The authors suggest that the lack of 
specificity of the lipid effect may mean that 
the inhibitors studies act as uncoupling 
agents. Such a possibility would apply with 
special force to thyroactive compounds(18). 

Summary. The growth inhibition induced 
by thyroactive compounds on vit. By. and 
non Bj».-requiring microorganisms was stud- 
ied. Thyroactive compounds were inactive 
for the By,»o-requiring mutant Escherichia coli 
113-3, Lactobacillus leichmannii, and Eugle- 
na gracilis, and for their non By,»-requiring 
counterparts. Only Ochromonas malhamen- 
sis, a Byo-requirer, and Ochromonas danica, 
a non Bys-requirer, were inhibited. Vit. By». 
overcame the antagonistic action of the thy- 
roid hormones for O. malhamensis, but not 
for O. danica where reduced glutathione and 
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Tween 85 overcame the growth inhibition. 
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Transplantation Antigens. 
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Generally implicit in transplantation ex- 
periments with mouse tissues has been the 
assumption that grafts of parental origin are 


nonantigenic to F, hybrid recipients(1-3). 


* Operated by Union Carbide Corp. for U. S. 
Atomic Energy Commission. 
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This assumption, however, has been criticized 
on theoretical grounds(4-7) and appears to 
be at variance with certain experimental 
findings(8-12). This report presents prelimi- 
nary results which are considered highly sig- 
nificant in that they support the belief that 
F, hybrid mice may be actively immunized 
against parental transplantation antigens. 

Methods. Young adult (3- to 5-months 
old) hybrid recipients and parental donors 
of the following strains were used: (C57BL/ 
Cum X 101/Cum)F,;, (C3H/Anf Cum x 
10)/Cum) F,, (BALB;c Cum &* A/He Cum) 
F,, C57BL/Cum, C3H/Anf Cum, BALB/c 
Cum, A/He Cum, and 101/Cum: these are 
hereafter designated as BIF,, C31F,, CAF, 
C57, C3H, BALB/c, A, and 101, respec- 
tively. In every case, donor and recipient 
were of the same sex so that sex-determined 
histoincompatibility was avoided. Recipients 
were exposed to lethal whole-body irradi- 
ation as follows: strains BIF; and C31F, 
were given 900 r of X rays, and strain CAF;, 
800 r. The dose rate was approximately 85 
r/minute; TSD, 93.5 cm; 300 kvp; 20 mA; 
4.78 mm of Be inherent filtration and 3 mm 
of Al added filtration; hvl, 0.55 mm of Cu. 

Hybrid mice were “immunized” against 
parental transplantation antigens by intra- 
peritoneal inoculation of 20 10° nucleated 
viable parental spleen cells 30 and 15 days 
before irradiation. The parental spleen cells 
were obtained by teasing the spleen in Ty- 
rode’s solution with forceps and needles. The 
cell suspension was then passed through a 
stainless steel screen (200 mesh/inch) and 
the nucleated cells were counted in a hemo- 
cytometer. 

Hybrid mice were also “immunized” by 
grafting of parental skin, the irradiation be- 
ing carried out 100 days later without re- 
moval of the skin graft. Donor skin was 
taken from the ears and grafted onto the 
dorsal area of F, hybrid recipients by the 
method of Billingham and Medawar(13). 
The skin of the ear was used to avoid, inso- 
far as possible, transplantation of dermal 
elements and included lymphoid cells. In 
every experiment, aliquots of a given paren- 
tal marrow preparation were injected into 
each of the following groups of 10 recipients: 
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(a) “nonimmunized” F, hybrids, (b) F, hy- 
brids “immunized” against the parental do- 
nor strain, (c) F, hybrids “immunized” 
against the reciprocal parental strain. In ad- 
dition, isologous marrow was given to F, hy- 
brids “immunized” against one of the par- 
ental strains. The experiments were repeated 
to build up groups of 40 mice each, unless 
otherwise stated. Marrow cells were extruded 
from the femoral marrow cavity in Tyrode’s 
solution by means of a syringe fitted with a 
24-gauge needle. Recipients were inoculated 
with 107 nucleated cells by tail vein within 
3 hours after irradiation. Characterization 
of hemoglobin type(14) in the BIF, recipi- 
ents was carried out to ascertain whether do- 
nor type C57 red blood cells were present. 
Although irradiated marrow recipients were 
not serially sacrificed to follow pathological 
changes, dying mice in some of the experi- 
mental groups were sacrificed in extremis 
20-90 days after treatment, and the follow- 
ing tissues were removed for histological ex- 
amination: bone marrow from a long bone 
and the sternum, spleen, lymph nodes, thy- 
mus, Peyer’s patches, intestine, liver, and 
kidney. Tissues of 16 BIF, 10 C31F,, and 
10 CAF, “immunized” mice were studied. 
Results. In all donor-host combinations, 
the marrow protected against early lethality. 
Secondary mortality, however, occurred dur- 
ing the second and following months, vary- 
ing in relation to strain and pretreatment of 
recipients (Fig. 1-3). In nearly all instances, 
secondary morbidity and mortality in F, re- 
cipients of parental marrow was accentuated 
by “immunization” against the donor strain; 
i.e., by the preirradiation inoculation of par- 
ental lymphoid cells or grafting of parental 
skin. This effect was most marked in those 
strain combinations having parental H-2 his- 
tocompatibility differences proved to be sig- 
nificant for marrow transplantation(15), 7.e., 
the BIF, and the C31F, (Fig. 1 and 2). In 
the CAF, hybrid, preinoculation of A strain 
spleen cells increased secondary mortality 
only slightly (Fig. 3) but greatly increased 
the severity and frequency of secondary mor- 
bidity, 7.e., all of such recipients suffered 
marked weight loss, ruffling of fur, and epila- 
tion, changes which persisted until the end 
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FIG. 1. Cumulative mortality of lethally irradiated C31F, mice after infusion of C3H or 
isologous marrow. Recipients were ‘‘immunized’’ against either parental spleen cells or skin. 


No. of animals in parentheses. © ‘‘Nonimmunized’’; C3H marrow (40). 
A C3H skin; C3H marrow (10). 


marrow (40). 
spleen; C31, marrow (40). 


@ C3H spleen; C3H 


A 101 spleen; C3H marrow (40). gf C3H 


FIG. 2, Cumulative mortality of lethally irradiated BIF, mice after infusion of C57 or iso- 
logous marrow. Recipients were ‘‘immunized’’ against either parental spleen cells or skin. No. 


of animals in parentheses. © ‘‘Nonimmunized’’; C57 marrow (40). 
A 101 spleen; C57 marrow (40). 


row (40). A C57 skin; C57 marrow (10). 
BIF, marrow (40). 


@ C57 spleen; C57 mar- 
@ C57 spleen; 


FIG. 3. Cumulative mortality of lethally irradiated CAF, mice after infusion of parental or 


isologous marrow. Recipients were ‘‘i 


No. of animals in parentheses. 
row (40). gg A spleen; CAF, marrow (40). 
A BALB/c spleen; BALB/e marrow (40). 


of the observation period; in contrast, these 
symptoms were transient and mild in cor- 
responding “nonimmunized”’ recipients of the 
same strain. In CAF, recipients of BALB/c 
marrow, secondary morbidity and mortality 
were minimal and unaffected by “immuniza- 
tion” against BALB/c cells (Fig. 3). In no 
combination did preirradiation inoculation of 
parental spleen cells homologous to the mar- 
row donor strain affect the response of the re- 
cipients (Fig. 1-3). Hemoglobin in the peri- 
pheral blood of all 60-day and 80-day surviv- 
ing BIF, recipients, whether ‘“immunized”’ or 
not, was of donor type (70-100% of total 
Hb), indicating that the grafted erythropoi- 
etic cells were functional during the 80 days 
following parental marrow transplantation. 
Histological preparations showed that the 
femoral and sternal marrow cavities were 
filled with nucleated cells, the marrow being 
at various stages of regeneration depending 
on the length of time elapsed from treat- 
ment. In no graft-host combination, even in 
“immunized” groups, was marrow necrosis 
noted. Lymph nodes and Peyer’s patches of 
BIF, chimeras showed severe pathological 
changes similar to those described in the for- 
eign bone marrow reaction(16), with atrophy 
and destruction of germinal centers, granu- 


immunized’’ against either parental spleen cells or skin. 
g 
© ‘‘Nonimmunized’’; A marrow (40). 


e@ A spleen; A mar- 
‘“Nonimmunized’’?; BALB/e marrow (40). 


A BALB/c skin; BALB/c marrow (10). 


lomatous proliferation of reticuloendothelial 
cells, and fibrosis; no difference was noted 
between “immunized” and “nonimmunized” 
recipients. The lymphoid tissues of the C31F; 
and CAF, chimeras showed mild changes, 
mainly atrophic in nature. They eventually 
recovered. Similarly, in these lymphoid tis- 
sues no differences were noted between “im- 
munized” and “nonimmunized” recipients. 
Discussion. The accentuation of secondary 
morbidity and mortality in irradiated F, hy- 
brid recipients of parental marrow by pre- 
grafting of donor-strain spleen cells or skin 
may be interpreted to mean that the graft- 
ing immunized against the donor marrow an- 
tigens. That this effect was immunological in 
nature is suggested by the correlation be- 
tween its severity and the degree of histoin- 
compatibility between the parental strains in 
question and by the lack of effect when non- 
specific spleen cells (7.e., cells other than 
those of the marrow donor strain) were pre- 
inoculated. Supporting data have been ob- 
tained in other experiments in which injec- 
tion of isologous F, immunologically com- 
petent cells along with parental marrow into 
lethally-irradiated F, recipients leads to en- 
hanced mortality, results suggesting that the 
F, hybrid cells reacted against parental mar- 
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row cell antigens(10,12). Also compatible 
with such an interpretation is the observa- 
tion that isologous F; spleen (Cudkowicz, un- 
published data) or marrow(17) cells  in- 
hibited the graft-versus-recipient reaction re- 
sulting from inoculation of parental liver 
cells into sublethally irradiated F, recipients 
(17). 

The absence of enhanced morbidity and 
mortality in CAF, mice inoculated with 
BALB/c spleen cells and then given BALB/c 
marrow is tentatively ascribed to the lack of 
strong BALB/c histocompatibility antigens 
against which the CAF, hybrid can react; 
1.e., the BALB/c is H-2¢ in histocompatibil- 
ity phenotype and possesses no major trans- 
plantation antigens foreign to the A strain 
(18,19). 

Since the marrow was cellular and the cir- 
culating hemoglobin of donor type in mori- 
bund chimeras, death could not have resulted 
from rejection of the grafted parental mar- 
row cells. The mechanism by which pregraft- 
ing accentuated secondary disease remains, 
therefore, to be elucidated. Death has been 
repeatedly observed, however, without necro- 
sis of the marrow and spleen red pulp in par- 
ent-to-hybrid chimeras(9,20-24). In most of 
these cases the cellular and viable-appearing 
marrow was of host type, yet death was 
nevertheless ascribed to graft-versus-host im- 
munological reactions; hence, other lesions 
resulting from in vivo antigen-antibody reac- 
tions are implicated and remain to be de- 
fined. 

Enhanced secondary morbidity and mor- 
tality in the “immunized” F, chimeras might 
conceivably be attributed to aggravation of 
the graft-versus-host reaction by the inocu- 
lated parental lymphoid cells. This interpre- 
tation fails, however, to account for the simi- 
lar effect of simultaneous injections of Fy 
cells along with the parental marrow, and the 
lack of the effect in CAF, mice inoculated 
with BALB/c lymphoid cells. Furthermore, 
“immunization” of BIF, and C31F, hybrids 
could be accomplished just as effectively by 
skin grafting 100 days before irradiation as 
by inoculation of spleen cells. It is, there- 
fore, inferred that the “immunizing action” 
did not require injection of viable donor-type 
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antibody-forming cells and that it was not 
tissue-specific. “Immunization” has thus far 
failed to cause rejection of parental skin 
grafts in the strain combinations mentioned 
in this paper (Cudkowicz, unpublished data), 
suggesting that hemopoietic or lymphoid cells 
grafted into irradiated recipients may consti- 
tute a more sensitive indicator of histocom- 
patibility differences than skin grafted onto 
unirradiated hosts. 

There is now no direct evidence in the 
literature for active immunization of F, hy- 
brid mice against parental transplantation 
antigens(7), the observed facts fulfilling 
generally the ‘“‘one-autosomal gene, one anti- 
gen” theory. The occurrence of hybrid-anti- 
parent reactions, such as reported here, im- 
plies that parental antigen(s) are lacking in 
the hybrids between 2 inbred lines. Never- 
theless, genic or allelic interactions in the in- 
heritance of mouse histocompatibility factors 
have been postulated by many investigators 
on theoretical grounds or to explain certain 
experimental results(5-7,11,25) and have 
been demonstrated in species other than the 
mouse(7, a review). Their discovery in the 
mouse is, therefore, not altogether revolu- 
tionary. 

Summary. 1. Previous grafting of paren- 
tal spleen cells or skin accentuated secondary 
disease in F,; hybrid mice subsequently ir- 
radiated and inoculated with marrow from 
donors of the same parental strain. 2. The 
intensity of the effect varied in relation to 
the extent of H-2 histocompatibility differ- 
ences among the 4 strain combinations tested. 
3. The effect is ascribed to “immunization” 
of the F, hybrid against parental tissue anti- 
gens. It is, therefore, inferred that parental 
histocompatibility alleles may not necessarily 
be expressed as codominants in Fy, hybrid 
mice. 


Addendum. Aiter submission of the manuscript, 
additional experiments showed that when the CAF, 
hybrid was “immunized” against A spleen cells by 
three, instead of two, inoculations at 30, 20, and 10 
days prior to marrow grafting, respectively, second- 
ary mortality ie. between 20-90 days) 
hanced to an extent comparable with that noted in 
the other strain combinations tested. However, the 
same treatment with BALB/c cells was not followed 


was en- 


972 


by increased secondary mortality. These results indi- 
cate, therefore, that A strain parental tissues are 
also capable of “immunizing” F, hybrid mice. 
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F. B. BENJAMIN, JOAN N. ANAsTASI AND W. M. HELvEY 
Life Sciences, Republic Aviation Corp., Farmingdale, N. Y. 


Previously it was shown that various types 
of injurious stimuli, when applied to peri- 
pheral tissues, cause a release of intracellular 
potassium(1), and that this release is pre- 
vented by analgesic agents(2). Adriani(3) 
suggests that process of excitation and in- 
hibition in the C.N.S. may parallel those of 
peripheral mechanisms. A specific relation- 
ship between C.N.S. excitability and potas- 
sium (K) is indicated by the work of Ghosh 
and Quastel(4), Himwich(5), and Tsukeda 
(6). A number of workers found a low se- 
rum K during anesthesia(7,8,9). The pres- 
ent investigation represents an attempt to 
determine whether release and uptake of K 
by brain cells may be one aspect of the 
C.N.S. phase of the general stress response. 

Methods. Rats were exposed to 3 differ- 


ent types of stress conditions: 1. (a) Anoxia 
was produced by evacuating a bell jar to an 
air pressure of 225 mm Hg. This was main- 
tained for 120 minutes. (b) After return to 
ambient pressure, the animal was immedi- 
ately decapitated. The brain was peeled out 
and washed in K-free Ringer solution. The 
2 hemisections were separately macerated 
with fine sand, pestle and mortar. Potassium 
(K) content was determined from flame- 
photometric analysis of the watery extract 
and expressed as microequivalents per gram 
of dry tissue weight. 

2. Heat stress was produced by putting a 
rat in a hot chamber at 42°C. The rat was 
maintained in the chamber until there were 
signs of impending collapse (air hunger). 
This took between 17 and 32 minutes with a 
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TABLE I. Effect of Stress on K Concentration of 


Rat Brain. 
Stimulus: 
225 mm Hg 42°C 4°C Control 
Time: 
120 min. 23 min. 120 min. 
K cone.* 29.34 26.47 25.03 37.83 
Significancet 95 AY) 209 


. _ Microequivalents/g of dry tissue, mean of 8 
ests. 

+ Difference experimental and control value, p 
value, (t test). 
mean of 23 minutes. Subsequent procedures 
were the same as those under 1-(b). 

3. Rats were kept in a refrigerator at 4°C 
for 120 minutes. The animals showed little 
effect of the cold (liveliness, eyes, fur). Sub- 
sequently, they were treated as those of the 
other groups 1-(b). 

4. Controls were treated as under 1-(b). 

Results are given in Table I. The differ- 
ences between the individual stimuli are not 
significant. P values indicate degree of sig- 
nificance of the stimulus-control difference. 


Effect of Stress on Potassium Release from Surviving Rat Brain. 
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Conclusion. Systemic stresses of anoxia, 
heat and cold in rats result in a significant 
decrease of potassium concentration of the 
brain. 
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In previous work(1) it was shown that 
various types of systemic stress (anoxia, 
heat, cold) decrease the potassium (K) con- 
centration of the brain. This paper is an at- 
tempt to determine the importance of cer- 
tain factors which may affect this potassium 
release. 

In a first series of experiments guinea pigs 
were killed by a blow on the head. The brain 
was immediately taken out, hemisectioned 
and immersed in a bath of 10 ml of K-free 
mammalian Ringer’s solution. While one half 
was exposed to cold (3°C) or heat (42°C) 
the other half was maintained at control level 
(23°C). Potassium release for the next 90 
minutes was determined from the flame- 
photometric analysis of the bathing solution. 
Results are presented in Table I. It is as- 


sumed that the potassium loss as indicated 
by these data is limited to the most super- 
ficial layers of the hemisectioned brain. 

Extreme heat has no significant effect on 
K release. Extreme cold produces a decrease 
of K release. As either stimulus, when ap- 
plied systemically to the intact animal, re- 
sults in a marked increase of K release from 
the brain(1), it appears that the systemic 
effect in the intact animal is not due to a 
direct temperature effect on the brain. 

As another approach to this problem the 
following tests were performed on rats: The 
animal was decapitated, the brain immedi- 
ately removed, hemisectioned and maintained 
in separate tubes containing K-free Ringer 
solution. Oxygen was bubbled through one 
test tube and nitrogen through the other. 
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TABLE I. Effect of Temperature on K Release of 
Surviving Brain Hemisections (Guinea Pigs). 


Time, min. 4°C 23°C 42°C 

0 3.62 4.23 4.43 

30 8.34 9.75 10.05 

60 11.63 13.54 13.98 

99) 13.19 15.58 16.06 

At 9.57 11-35 11.63 
Each value is the mean of 8 tests. Units are 
t test 


microequivalent K released/g dry brain wt. 
analysis shows a significant difference (p >.95) 
4°:23° and 4°:42° At gives K release during the 
90 min. experimental run. 


TABLE II. Effect of Anoxia on K Release of Sur- 
viving Brain Hemisections (Rats). 


Time, min. O. N. 
15 12.24 9.50 
35 20.59 22.83 
55 eral 32.25 
At 11.47 22.75 


Values are microequivalents K released/g dry wt. 

t test analysis shows significant difference 
Go Se 

Each value is the mean of 20 tests. 

At gives the K release during the 40 min. experi- 
mental run. 


the brains of 10 rats were exposed for 15 min- 
utes to glucose-free Ringer’s solution, while 
the other halves served as controls. Mean 
control value was 3.84 microequiv. per gram 
and that of the glucose free solution was 
19.90. The difference is highly significant 
(p>0.99). This is considered an indication 
that glucose is needed for maintenance of in- 
tracellular potassium. 


Table III gives the effect of 4 selected 
drugs on K release. While complete data for 
90 minutes analysis are available, listed val- 
ues are only those obtained after one hour. 
The results indicate that epinephrine may 
play a role in the increased K release of 
stress. Surprising to us was the great in- 
crease obtained with gamma-amino-butyric- 
acid, and the negative results obtained with 
acetylcholine, while the inhibition observed 
with nembutal could be expected. 

Conclusion. Using in vitro preparations 
of rat brains it was found that temperature 
had little direct effect on K release. Oxygen 
and glucose are necessary to maintain K 


TABLE III. Effect of Drugs on In Vitro K Release of Brain (Rats) within 60 Minutes. 


Gamma-amino 


Acetylcholine Epinephrine Nembutal butyric acid 
= nie SN " ay (PS 
Drug cone.* Kecone.t Drug cone.* Kecone.t Drug cone.* Keone.t Drug cone.* K cone.t 
10 12.49 10 17.93 6.0 9.63 50 24.90 
2.0 12.60 2.0 15.79 1.2 11.01 10 19.84 
4 12.46 4 14.33 24 12.63 2 16.01 
0 12.89 0 12.89 0 12.89 4 13.70 
0 12.89 


* Drug concentrations are mg/ml. 


t K concentrations are microequivalents released/g dry tissue. 
Each value is the mean of 8 tests. The increase with epinephrine and GABA, as well as the 
decrease with nembutal are significant (p >.95—+ test). 


Subsequent procedures were the same as in 
previous experiments. The mechanical agi- 
tation by the gas bubbles increases the re- 
lease of K. However, the difference between 
the two conditions (Table II) indicates that 
anoxia has a direct effect on K release of 
brain tissue. 

In the next experiment, hemisections of 


within the brain cells. Acetylcholine has no 
effect on K release, epinephrine and gamma- 
amino-butyric-acid increase the release, while 
nembutal acts as an inhibitor. 


1. Benjamin, F. B., Anastasi, Joan N., Helvey, 
W. M., Proc. Soc. Exp. Bior. anp Mep., 1961, v107, 
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Influence of Nicotinic Acid and Nicotinamide on Insulin Hypoglycemia.* 
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H. D. KiLeper Anp R. W. MantTHeEt 


(Introduced by J. M. Coon) 


Department of Pharmacology, Jefferson Medical College, Philadelphia, Pa. 


Blood sugar concentration can be altered 
by administration of either nicotinic acid or 
nicotinamide, but the direction of the re- 
sponse induced apparently depends primar- 
ily on the species, agent and dosage used. 
Both nicotinic acid and nicotinamide have 
been found to increase blood sugar concen- 
tration in the rat and rabbit(1,2). Mirsky 
et al., however, obtained a marked hypogly- 
cemia with nicotinic acid in the rat and the 
mouse(3). Hypoglycemia has also been pro- 
duced in man with nicotinamide(4), although 
most investigators have not found it to cause 
any significant change in blood sugar concen- 
tration(5,6). The present study delineates 
the action of various doses of these com- 
pounds in normal and insulin-treated mice. 


Materials and methods. Male Swiss-Web- 
ster mice weighing from 18 to 24 g were 
maintained in an air-conditioned room at 
26°C. Crystalline zinc insulin (40 units/ 
ml) was diluted with physiological saline and 
sufficient hydrochloric acid added to adjust 
the final pH to 2.5-3.0. It was administered 
intraperitoneally in a dose of 5 units/kg. Nic- 
otinic acid or nicotinamide (500 mg/kg) was 
administered subcutaneously. The nicotinic 
acid was adjusted to pH 7 with NaHCOs. 
All solutions were administered in a volume 
of 0.1 ml per 10 grams of body weight. Phys- 
iological saline was used as control. 


Animals previously maintained on normal 
mouse diet with water ad libitum were fasted 
22 to 24 hours and then divided by random 
selection into the various groups. Onset of 
hypoglycemic convulsions was determined by 
a modification of the sloped screen technic of 
Thompson(7). Blood sugar was initially de- 
termined by the method of Nelson(8) and 
later by an enzymatic method(9) without 
any significant change in the values obtained. 
At approximately half-hour intervals, 0.2 ml 


* Supported in part by U.S.P.H.S. grant. Presented 
in part at Federation meetings, April, 1959. 


TABLE I. Hypoglycemic Falls in Insulin-Treated 


Mice. 
No.of 9% falls within 
Drugs mice 150 min. 

Insulin + .9% NaCl 50 54% 

i + nicotinic acid 50 90 

e + nicotinamide 50 14 

4 + nicotinamide and 20 15 

nicotinic acid 

Nicotinamide + .9% NaCl 15 0 
Nicotinie acid + ” ~ 15 0 


Insulin (5 units/kg, I.P.); nicotinie acid and 
nicotinamide (500 mg/kg, subeut.). 

P (x?) Insulin vs insulin + nicotinic acid = 
<.001. 

P (x) Insulin vs insulin + nicotinamide = 
<.001. 

P (x*) Insulin + nicotinie acid vs insulin ++ 
nicotinamide = <.001. 


of blood was drawn from the orbital sinus of 
individual mice in each group(10). No ani- 
mal had blood taken more than once. 

Results. The percentage of animals in 
each group falling from the inclined screen 
within 150 minutes after injection is given 
in Table I. A cut-off time of 150 minutes 
was chosen because approximately 75% of 
exogenous insulin is known to be metabolized 
in mice by that time(11). Neither nicotinic 
acid nor nicotinamide alone caused any mice 
to fall. Of the animals showing hypoglycemic 
falls with insulin alone, the majority fell 
within the first 90 minutes. Administration 
of both nicotinic acid and insulin resulted in 
a significant increase in the number of ani- 
mals falling. Nicotinamide on the other 
hand caused a significant decrease in the 
number of insulin-treated animals falling. 
Earlier falls were noted (the majority within 
60 minutes) in mice treated with insulin plus 
either nicotinic acid or nicotinamide. 

Saline-injected controls had an average 
blood sugar level of 70.9% (Table Il). In- 
sulin lowered blood sugar by 78% within 
from 1.5 to 2 hours. Nicotinamide (500 mg/ 
kg) elevated the level to a maximum of 32% 
over control values at 2 to 2.5 hours after 
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Effect of Dietary Vitamin Bj. on Methionine Biosynthesis by Chick Liver 


Homogenates.* 


(26816) 


JAMES S. DINNING 
Department of Biochemistry, University of Arkansas School of Medicine, Little Rock 


It was observed several years ago that 
dietary vitamin B,. would spare the methyl 
requirements for animals(1). More recently, 
considerable evidence has accumulated to im- 
plicate Vit. By2 in methionine biosynthesis in 
bacterial systems(2,3). Arnstein(4) has 
demonstrated in iz vivo experiments with rats 
that Vit. By. stimulates the conversion of 
formate to the methyl groups of choline and 
methionine. We have reported(5,6) that 
Vit. Byo stimulates the conversion of formate 
to the 5-methyl group of thymine by chick 
bone marrow cells but does not stimulate 
conversion of formaldehyde to the 5-methyl 
group of thymine. These results suggest that 
Vit. By. functions in reduction of one-carbon 
compounds between the formate and formal- 
dehyde levels of oxidation. In the present 
experiments we have studied the effect of Vit. 
By. deficiency in chicks on formation of the 
methyl group of methionine by liver homoge- 
nates and the results suggest that By,» stimu- 
lates the conversion of formate to methionine 
methyl but does not increase conversion of 
formaldehyde to methionine methyl, a situa- 
tion analogous to our previously reported re- 


* This investigation was supported by Research 
Grant from Nat. Inst. Health, U.S.P.H.S. 


sults in thymine formation by chick bone 
marrow cells. 

Experimental. Day-old White Leghorn 
chicks were given the Vit. Bj. and methio- 
nine-deficient basal diet described by Spivey- 
Fox et al.(7). When present, methionine 
was added at a concentration of 6% of the 
diet and Vit. Bj. was given by weekly injec- 
tions at a dosage of 3 wg per chick the first 
week and 9 ,»g per chick thereafter. After 
3 to 4 weeks on the various diets, the chicks 
were taken for experiment. Peripheral blood 
counts were made using standard hematolo- 
gical procedures. 

Methionine formation from homocysteine 
and formate-C!* or formaldehyde-C' was de- 
termined in liver homogenates. The livers 
were homogenized in an all-glass homogenizer 
with 2 volumes of Robinson’s buffer(8). The 
incubation mixture consisted of 2 ml of ho- 
mogenate, 3 mg of DL-homocysteine, and 
either 0.27 pmole of formate-C™ (142,000 
c.p.m.) or 2 pmoles of formaldehyde-C'* 
(140,000 c.p.m.). The final volume was 2.5 
ml. After an hour of incubation at 37° un- 
der air in the Dubnoff shaker, the reaction 
was stopped by addition of 0.5 ml of 50% 
trichloroacetic acid and the contents of the 
incubation beakers were transferred to 12 ml 
conical centrifuge tubes and centrifuged. 1.5 
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TABLE I. Effects of Dietary Supplements of Methionine and Vitamin B,, on Growth and 
Hemogram of Chicks. 


2 en ee 
EE eee —————— 


Weight gain, Erythrocytes, Hemoglobin, Hematocrit, 


Supplement g/4 wk millions/pl g/100 ml % 
None 154 2.83 9.6 29 
Methionine 241 2.70 9.1 29 
Bs 237 2.83 9.5 29 
Methionine + By. 250 3.04 9.7 31 


ml of the supernatant solution was taken and 
200 mg of carrier L-methionine added and 
dissolved with heating. The methionine was 
precipitated on cooling with addition of 95% 
ethanol and recrystallized in this fashion a 
total of 6 times. The methionine was then 
plated on aluminum planchets and counted 
at infinite thickness with an end-window Gei- 
ger counter. The results are reported as 
counts per minute of the infinite thickness 
samples. To correct for any non-enzymatic 
reaction between formaldehyde, formate and 
homocysteine zero time samples were taken 
and the counts obtained subtracted from the 
counts obtained in the incubated samples. 
Five chicks from each group were used in 
these experiments. 


Results and discussion. Supplements of 
either B;. or methionine stimulated growth 
of chicks as indicated by the data in Table I. 
In the presence of adequate methionine By,» 
produced no significant effect on the growth 
rate. These data again point out the well- 
known effect of Vit. Bis in sparing the me- 
thyl requirements of animals. The hemo- 
gram of the chicks was not significantly in- 
fluenced by By» deprivation indicating the 
mildness of the By» deficiency. 


TABLE II. Intiuence of Dietary Vitamin B,, and 

Methionine on Formation of Methionine Methyl by 

Chick Liver Homogenates. Results reflect total C* 

incorporated into methionine. See text for details 
of calculation. 


C™ substrate employed: 


Supplement Formate Formaldehyde 
None 239* 43t 
lite 511 12 
Methionine 237 44 
Methionine + B,, 353 25 
~ By» effect statistically significant. P <.91. 


Methionine effect not statistically significant. 
+t B, effect statistically significant. P <.05. 
Methionine effect not statistically significant. 
Statistically treated by analysis of variance. 


Vit. B,» stimulated the conversion of for- 
mate to methionine methyl but appeared to 
inhibit conversion of formaldehyde to methi- 
onine methyl as indicated by the data in 
Table II. This observation is in agreement 
with studies of the influence of Vit. By. on 
biosynthesis of the methyl group of thymine 
(5.6). Methionine supplementation did not 
exert a statistically significant effect on me- 
thionine biosynthesis by liver homogenates. 

These results again demonstrate the in- 
volvement of Vit. Biz in methyl synthesis by 
animals and substantiate our earlier sugges- 
tions concerning the site of action of Bio. 
The results indicate that Vit. Bi. functions 
between the formate and formaldehyde levels 
of oxidation, a reaction catalyzed by the en- 
zyme methylene tetrahydrofolic dehydroge- 
nase. We have previously reported a reduc- 
tion in activity of this enzyme in tissues 
from By,» deficient animals(9). 

Summary. Liver homogenates from By»2- 
deficient chicks converted formate to methi- 
onine methyl at a reduced rate and converted 
formaldehyde to methionine methyl at an 
accelerated rate. These results suggest the 
involvement of Vit. B,2 in reduction of for- 
mate to formaldehyde, a reaction mediated 
by methylene tetrahydrofolic dehydrogenase. 

1. Schaefer, A. E., Salmon, W. O., Strength, D. R., 
Proc. Soc. Exp. Bior. anp MEp., 1949, v71, 202. 

2. Kisliuk, R. L., J. Biol. Chem., 1961, v236, 817. 

3. Hatch, F. T., Takeyama, S., Buchanan, J. M., 
Fed. Proc., 1959, v18, 243. 
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5. Dinning, J. S., Young, R. S., J. Biol. Chem., 
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7. Spivey-Fox, M. R., Ortiz, L. O., Briggs, G. M., 
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Nutritional Equivalence of 8-Lactoglobulin and Its Corresponding 


Amino Acids. 


(26817) 


Davin K. BossHARDT, ERWIN BRAND* AND RICHARD H. BARNES 
Merck Institute for Therapeutic Research, Rahway, N. J., and Graduate School of Nutrition, 
Cornell University, Ithaca, N. Y. 


One of the most important problems in 
protein metabolism is the comparison of the 
nutritional behavior of a protein with that of 
its constituent amino acids. Many growth 
studies utilizing amino acids have been re- 
ported, but to the authors’ knowledge in no 
case has a comparison been made with a crys- 
talline protein, free from carbohydrate, phos- 
phorus, prosthetic groups and possible uni- 
dentified contaminants which might possess 
growth stimulating properties. A frequent 
comparison has been with casein, which ob- 
viously does not fill the above requisites and 
in such studies the amino acid mixture does 
not provide growth equal to that obtained 
with the intact protein(1,2,3). During the 
period 1945 to 1948 studies with crystalline 
B-lactoglobulin were conducted with mice. 
The difficulties in obtaining sufficient quanti- 
ties of the crystalline protein necessitated 
small groups of animals and these early 
studies were not reported except for an ACS 
meeting abstract (Sept. 1948). It has been 
hoped that an extension of this work would 
provide valuable additional data, but the im- 
portance of the original observations is so 
great that results of these experiments are 
being presented even though expanded ob- 
servations have not been possible. 


Materials and methods. Crystalline B-lac- 
toglobulin was made from fresh raw skim 
milk by modification of the procedure of Pal- 
mer(4) adapted for large scale isolation. The 
purity of the B-lactoglobulin was established 
by electrophoretic homogeneity at pH 4.8 
and 6.5(5). The crystalline protein was 
maintained wet and under toluene until all 
measurements of purity were complete and 
was then dried by lyophilization before in- 
corporating into diets. The amino acid com- 
position described by Brand et al.(6) was 
used in preparing the amino acid counterpart 


* Deceased. 


shown in Table I. Amino acids were pur- 
chased from commercial suppliers and purity 
was established by checking optical rota- 
tion and melting points. Since basic amino 
acids were to be fed as their hydrochlorides, 
a calculated equivalence of NaHCO; was 
added to the mixture (Table I). 

Diet composition is given in Table II. In 
addition to £-lactoglobulin and its amino acid 
counterpart, 2 crude protein sources, a vita- 
min test casein and a commercial lactalbu- 
min, were used as additional controls. All 
proteins were incorporated in the diets at 
equal nitrogen levels and amounts used were 
selected to give growth rates that would be 
somewhat less than the maximum achievable 
by the mouse. As closely as possible, by cal- 
culation, the diets were isocaloric. Sodium 
chloride was added to the protein-containing 
diets to balance the sodium of the NaHCOs 
in the amino acid diet. 

Since mice, as well as other animals, must 
adjust to diets containing amino acids, the 
amino acid diet was fed for 3 days to 30 male 
weanling mice selected for uniformity of 
weight at 18 days of age (Swiss-Webster 
Strain, Sharp and Dohme Colony). During 
the adjustment period 1.5% of 1:20 liver 
powder was incorporated in the diet. These 
experiments were conducted prior to crystal- 
lization of Vit. Bis, but it was recognized 
that a source of an unidentified factor was 
required by the mouse. In the light of sub- 
sequent studies it is probable that during the 
preweanling period and with the liver pow- 
der fed during the 3 day adjustment period, 
sufficient stores of Vit. By2 were accumulated 
so that the absence of this vitamin during the 
subsequent 4 week test was not limiting for 
the animals. Sixteen mice that showed uni- 
form growth responses during the 3 day ad- 
justment period were divided into 4 groups 
of 4 mice each with equalized weight distribu- 
tion. The mice were caged individually and 
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TABLE I. Amino Acid Composition of g-lactoglobulin and Amino Acid Mixture. 
B-lactoglobulin Amino acid mixture 
Amino acid : f 
yield/100g N/100¢ Amino acid, N, 
protein, g protein, g g g 
Glycine 1.4 .26 1.4 26 
Alanine (Cds) (1.23) * L 7.8 1.23 
Leucine 15.6 1.67 L 15.6 1.67 
Proline 4.1 50 L 4.1 50 
Cysteine Hailil 13 = = = 
Cystine 2.29 27 L 3.4 40 
Tryptophan 1.94 27 L 2.0 28 
Tyrosine 3.8 .29 L 3.8 .29 
38.04 4.62 38.10 4.63 
Arginine 2.88 93 L-HCl 3.5 93 
Histidine 1.58 43 L-HCI-H,O0 2.1 43 
Lysine 11.40 2.18 L-HCl1-H,O 15.6 2.18 
15.86 3.54 21.2 3.54 
Aspartic acid 11.4 1.20 L 3.3 RY) 
Asparagine = — L Ue 1.67 
Glutamic acid 19.5 1.86 L ifeil 1.63 
Glutamine —— L 2.2 42 
Methionine 3.22 30 L 3.2 30 
Phenylalanine 3.54 80 L 3.5 30 
Valine 5.8 70 L 5.8 .70 
Isoleucine (6.0) * (.64) * NG 6.0 64 
Serine 5.0 67 L 5.0 .67 
Threonine 5.85 69 L 5.85 .69 
60.31 6.36 59.85 7.37 
Amide NH, 3 1.08 
Na HCO, 8.7 
Total 115.51 15.60 127.85 15.54 
15.60/115.51 = 13.50% 15.54/127.85 = 12.16% 
* Values revised from those given in original references. 
TABLE II. Composition of Diets. fed ad libitum in a temperature controlled 
Holding A B C D room. Daily weights and food consumption 
were measured. 
Gxt pee 10 2 . Results and discussion. Performance data 
Lactalbumin?  — ape 1G Be = at 14 and 28 days are given in Table III. 
Pees een ah 15.3 jo2 Growth rate and efficiency of nitrogen utiliza- 
arenes - by tion were the same for the crystalline B-lacto- 
Garage 25 25 25 25 25 globulin and its corresponding amino acid 
Cece ; F 5 is mixture. On the other hand, these 2 groups 
Glueose® 20 20 20 20 20 appear to have had lower growth rates and 
oe = = 4 ; 4 ratios of gain to nitrogen intake than was 
1 COihe evened ae i 4 af obtained with the 2 crude proteins, casein 
powder 
Choline chloride 2 2 2 2 oa : : 
Sodium chloride — 9 9 9 £ut 180 US.P. units of vit. D, 1 mg of 2-methyl-1,4- 
White dextrin 26.3 28.9 96.4 30.6 27.6 naphthoquinone diacetate, 0.8 mg of thiamine HCl, 
: 1.6 mg of riboflavin, 0.8 mg of pyridoxine HCl, 4.0 
Total 100.0 100.0 100.0 100.0 100.0 mg of niacin, 4.4 mg of calcium pantothenate, 4.0 
% nitrogen in oS 9.34 9.34 9.34 2.53 mg of para-aminobenzoic acid, and 21.6 mg of ino- 


diet 


Each diet supplemented to contain per 100 
4 mg of a-tocopherol, 900 U.S.P. units of vit. 


el 
pea 
A, 


sitol. 

Footnotes: ‘Bordens Labeo, * Bordens 15-42, 
*Primex, *Mazola, °Cerelose, *Jones, J. H., and 
Foster, C., J. Nut., 1942, v24, 245; 7Cellu Flour. 
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TABLE III. Growth and Nitrogen Utilization of Mice Fed Diets Containing Intact Proteins 
and Amino Acid Mixture. 


ee ae ee 2a ee ee Se ne eee 
SS nn OB ee 


14 days 28 days 
zie . : Wt gai ai 
Initial Wt gain, Nintake, —_ Suite Wt gain, WN intake, at hes 
wt, g g g N intake g g N intake 

Casein 9.9 Hass} 1.00 11.3 12.6 2.03 6.2 
927, 10.8 1.08 10.0 12.8 2.15 6.0 
9.5 9.4 1.00 9.4 11.8 2.03 5.8 
8.9 12. 98 12.3 15.5 2.15 fee 
Avg 9.5 10.9 1.02 10.7 13:2 2.10 6.3 
Lactalbumin 12.1 fel 91 7.8 03 1.96 4.7 
8.5 13.3 1.08 12.3 16.2 2.32 7.0 
8.6 11.9 1.03 11.6 13 allt 6.2 
9a 9.4 90 10.4 13.3 1.94 6.9 
Avg 9.6 10.4 .98 10.5 13.0 2.08 6.2 
f-lactoglobulin 8.2 IQ a(t) 10.5 10.7 We) 6.0 
oe) 10.6 99 10.7 12.0 2.10 5.7 
9.4 9.0 1.00 9.0 11.4 2.08 5.5 
10.6 8.6 99 8.7 HALO) 1.94 5.7 
Avg 9.5 Sal 93 Dei 11.3 1.98 5.7 
Amino acid mix 9.4 7.0 81 8.6 13 1.84 6.1 
9.4 8.5 97 8.8 12.6 2.15 5.9 
Ox Dall 1.02 9.5 11.8 2.31 5.1 
oh) 8.8 99 8.9 ele, 2.08 5.4 
Avg 9.4 8.5 .95 9.0 wae 7/ 2.09 5.6 


and lactalbumin. Since small groups had to 
be used, calculations of significance of dif- 
ferences does not seem warranted and there- 
fore individual results have been given. It 
will be very important to ascertain whether 
the apparent difference between 6-lactoglobu- 
lin and the crude proteins is a reflection of 
amino acid pattern or some other factor. 

In numerous comparisons of growth re- 
sponses to crude proteins and amino acid mix- 
tures, the proteins have been superior. In 
the present studies a crystalline protein, free 
from carbohydrate, phosphorus, prosthetic 
groups and unidentified constituents gave 
equivalent growth response to an amino acid 
mixture corresponding exactly to the native 
protein. This is probably the only time a 
comparison has been made in which the com- 
plete amino acid composition of a protein 
has been accurately reproduced. In spite of 
the extremely high cost of this type of inves- 
tigation, this model experiment must be ex- 
tended to establish a complete understanding 
of the nutritional contributions of proteins 


and amino acids. 

Summary. In mouse growth studies crys- 
talline B-lactoglobulin has been compared 
with a mixture of L amino acids duplicating 
its composition and these materials were com- 
pared with casein and lactalbumin. The 
pure protein and its amino acid counterpart 
gave equal growth and efficiency of dietary 
nitrogen utilization. Casein and lactalbumin 
provided superior growth rates to both the 
pure protein and its amino acid counterpart. 


1. Rose, W. C., Womack, M., J. Biol. Chem., 1946, 
v166, 103. 
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1947, v16, 256. 
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Studies on DNAase-Sensitive Antigens of Brucella abortus by Complement- 


Fixation.* 


(26818) 


NicHotas C. Paiczuk, Otto J. PLESCIA AND WERNER BRAUN 
Institute of Microbiology, Rutgers, The State University, New Brunswick, N. J. 


Phillips, Braun, and Plescia reported that 
the sera of rabbits injected intravenously 
with a DNA-rich preparation from Brucella 
abortus, extracted by 0.5% phenol in c.trate- 
saline, contained antibodies against DN Aase- 
sensitive antigens(1). In addition, these sera, 
tested either by the Ouchterlony gel-diffusion 
technic(2) or the quantitative precipitin 
method of Heidelberger and Kendall(3), con- 
tained antibodies against other antigens(4). 
In a continuing study, over 100 rabbits were 
immunized with DNA-rich preparations ob- 
tained by the procedure described by Braun 
et al.(5). All of the immune sera contained 
precipitins and it was assumed, as before, 
that some of these precipitins were directed 
against DNAase-sensitive antigens. How- 
ever, on further examination of these sera it 
was found that less than 5% of them had 
the desired antibodies. The irregularity with 
which antisera containing antibodies against 
DNAase-sensitive antigens were produced 
and its dwindling supply necessitated the use 
of a method requiring far less serum than the 
quantitative precipitin method. Conse- 
quently, the use of complement-fixation was 
explored and the results are summarized in 
this paper. 

Materials and methods. Sheep blood was 
obtained at a local slaughter house, and sen- 
sitized sheep cells were prepared according to 
the procedure described by Plescia et al.(6). 
Unless otherwise indicated, veronal-saline 
buffer with optimal concentrations of Ca** 
and Mg**(7) was used for all washings and 
dilutions. Whole guinea pig serum was used 
as a source of complement. Individual sera 
were pooled, divided into small portions and 
stored at —45°C. 

Rabbits were immunized at regular inter- 
vals over a 4-week period with different 
amounts of DNA-rich preparations(5), em- 


* This work was supported by U. S. Public Health 
Service grant. 


ploying different routes. Those receiving in- 
travenously 100 mg in terms of DNA gave 
best results. 

Complement-fixation tests were done in 
duplicate with the reactants added in the fol- 
lowing order: 0.2 ml of antiserum or buffer, 
0.1 ml of guinea pig complement diluted 1/ 
40 and 0.2 ml of antigen or buffer. The re- 
action mixture was incubated for 1 hour at 
room temperature and kept overnight at 4°C 
before adding 1 & 10% sensitized cells to each 
tube and placing it in a waterbath at 37°C 
for 1 hr with mixing to keep the cells sus- 
pended. Then 2.0 ml of buffer were added 
to each tube, and the mixtures were centri- 
fuged in a Clay-Adams clinical centrifuge at 
2,000 r.p.m. for 6 minutes. Optical densities 
of the supernatants were determined at 541 
mu, using a model B Beckman spectropho- 
tometer. 

Precipitation analysis in agar gel was done 
according to the procedure of Ouchterlony 
(2). Noble Agar (Difco) was used at a con- 
centration of 0.85% in physiological saline. 
Merthiolate (0.01%) was added as a pre- 
servative. The agar gel plates were prepared 
and stored at 4°C about a week before using. 
The wells were then filled with the appropri- 
ate reactants, and plates kept at 26°C for a 
week to 10 days before final readings were 
made. 

Worthington 1x crystallized pancreatic 
DNAase was used for enzymatic digestion of 
DNA with a ratio of substrate to enzyme of 
10:1 and MgSO, to give a final concentration 
of 0.01 M. Reactions were carried out at 
37°C for 24 hrs. 

Results. Titration of guinea pig comple- 
ment. The complement-fixation test was car- 
ried out with the minimum amount of guinea 
pig serum giving complete lysis of sensitized 
sheep erythrocytes. To determine _ this 
amount, different amounts of guinea pig se- 
rum were used giving extents of hemolysis 
ranging from 0-100%. Such a titration (Fig. 
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TITRATION OF GUINEA PIG COMPLEMENT 
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FIG. 1. Titration of guinea pig complement. Each 
determination was carried out in triplicate. 


1) also indicated the sensitivity of the meth- 
od and degree of reproducibility. On the 
basis of this titration, a dilution of 1:40 of 
guinea pig serum was used routinely. Re- 
sults were reproducible throughout the en- 
tire range with a mean deviation of + 2%. 
Sensitivity was uniform and greatest from 
20-80%. 

Analysis of antiserum for antibodies 
against DNAase-sensitive antigens. As an 
example of the antigen-antibody reactions 
studied, data obtained with antiserum #51 
and DNA preparation #20 may be cited. 
The results of a gel-diffusion analysis are 
shown in Fig. 2. Whereas the DNAase it- 
self showed no reaction with the antiserum, 
the control preparations, preincubated for 24 
hours at 4°C or 37°C, showed several appar- 


_  DNAase 


INCUBATION 37°C 
CONTROL 
B1°G 


DNA 
aa 

DNAase 

37°C 


DNA 
CONTROL 
: 4°C 
FIG. 2. Gel-diffusion analysis of rabbit anti-Bru- 
cella DNA serum #51 for antibodies against DNA- 
ase-sensitive antigens. Undiluted antiserum was 
placed in center well, different antigen prepara- 
tions in outer well. Concentration of original DNA 
was .7 mg/ml. 


ently similar bands of precipitation. Of 
these, the band closest to the antigen well was 
absent in the reaction between the antiserum 
and the preparation treated with DNAase at 
37°C for 24 hours, indicating that some of 
the antibodies were directed against DNAase 
sensitive antigens. The reaction between an- 
tiserum #51 and DNA preparation #20 was 
also analyzed by complement-fixation (Table 
I). The antiserum was used at dilutions of 


TABLE I. Effect of DNAase on Antigens of Bru- 
cella abortus Tested by Complement-Fixation. 


#20 preparation, 4°C 


Antigen,* Antiserum #51 
pg DNA 1:1000 1:100 Buffer 
( % a 
.02 102t 99 100 
a) 100 80 100 
2.0 36 1 98 
Buffer 100 100 100 


* U.V. absorption at 260 my and based on puri- 
fied calf thymus DNA as standard. 
+ Represents % cells lysed. Extent of complement 
fixation is inversely proportional to % of cells 


lysed. 
#20 preparation, 37°C, 24 hr 
Antigen, Antiserum #51 

ug DNA 1:1000 1:100 Buffer 
a %o = 

02 101 102 100 

2 100 74 101 

2.0 51 0 99 

Buffer 100 100 100 


#20 preparation, DNAase, 37°C, 24 hr 


Antigen, Antiserum #51 
ug DNA 1:1000 1:100 Buffer 
c Jo — 
02 99 100 102 
2 102 98 101 
2.0 98 il 103 
Buffer 101 100 100 


1:100 and 1:1000. At the higher concentra- 
tion of antiserum considerably more fixation 
of complement occurred than at 1:1000, and 
DNAase treatment of the antigen appeared 
to have no effect. With antiserum diluted 
1:1000 there was somewhat less fixation of 
complement but the effects of DNAase now 
became apparent because antibodies to anti- 
gens other than the DNAase-sensitive ones 
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TABLE II. Effect of DNAase on DNA Prepara- 
tion #34 of Brucella abortus Tested by Comple- 
ment-Fixation with Standard Antiserum #51. 


#34 preparation, 4°C 
Antigen,* Antiserum #51 

pg DNA 1:500 Buffer 

Jo % 

2 100t 100 

6 99 100 

bat al 103 

2.2 33 99 

Buffer 99 100 


* Absorption at 260 my and based on purified 
calf thymus DNA as standard. 
t % cells lysed. 


#34 preparation, DN Aase, 37°C, 24 hr 


Antigen, Antiserum #51 

ug DNA 1:500 Buffer 

Yo % 

12 100 100 

6 97 99 

ie 85 102 

2.2 42 100 

Buffer 100 100 


had apparently been diluted out. Thus anti- 
bodies to DNAase-sensitive antigens in se- 
rum #51 were demonstrated by both pre- 
cipitation in agar gel and complement-fixa- 
tion. 

Analysis of DNA preparations for DN Aase- 
sensitive antigens by complement-fixation. 
Antiserum #51, having been shown to con- 
tain antibodies against DNAase-sensitive an- 
tigens, was used for detection of DNAase- 
sensitive antigens in different lots of Brucella 
DNA preparations. Table II shows the re- 
sults with DNA preparation #34. Antiserum 
was diluted 1:500 instead of 1:1000 because 
there was essentially no fixation at 1:1000. 
presumably because this preparation did not 
contain DNAase-sensitive antigens. This 
was indeed the case, because at the dilution 
of 1:500 complement was fixed but pretreat- 
ment of the DNA preparation with DNAase 
had no effect. Similarly, no DNAase-sensi- 
tive antigens could be detected in this prepa- 
ration by means of precipitation in agar gel. 

Table III gives the results of a similar 
analysis employing DNA preparation 1C and 
antiserum #51. As in the analysis of prepa- 
ration #34, the antiserum was diluted 1:500. 
Considerable fixation of complement  oc- 
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curred, and treatment of the antigen prepara- 
tion with DNAase had a significant effect in- 
dicating the presence of DNAase-sensitive 
antigens. 

Analysis of antisera for antibodies against 
DNAase-sensitive antigens by complement- 
fixation. DNA preparation 1C, shown to 
contain DNAase-sensitive antigens, was next 
used as a standard for detection of antibodies 
against DNAase-sensitive antigens. Two an- 
tisera, #88 and S-12, were examined. The 
results are shown in Tables IV and V. With 
antiserum #88, pre-treatment of the DNA 
with DNAase had little, if any, effect, in con- 
trast to the results with antiserum S-12. 

Discussion. The foregoing results clearly 
indicate that not all the antibodies in a given 
antiserum against a DNA-rich preparation 
are directed against DNAase-sensitive anti- 
gens. Such antibodies, when present, have 
been shown to be detectable by complement- 
fixation provided their concentrations are 
sufficiently great to permit the diluting out 
of antibodies directed against other antigens. 
In sera in which the fraction of antibodies 
against DNAase-sensitive antigens is small, 


TABLE III. Effect of DNAase on DNA Prepara- 
tion #1C of Brucella abortus Tested by Comple- 
ment-Fixation. 


#1C preparation, 4°C 


Antigen,* Antiserum #51 


ug DNA 1:500 Buffer 
To % 
05 99t 100 
1] 95 101 
5 81 101 
1.0 32 102 
2.0 18 102 
Buffer 100 100 


* U.Y. absorption at 260 my and based on puri- 
fied calf thymus DNA as standard. 
t % eell lysis. 


#1C preparation, DN Aase, 37°C, 24 hr 


Antigen, Antiserum #51 

ug DNA 1:500 Bufter 

%o Jo 

.05 101 101 

el 98 102 

a) 97 103 

1.0 88 102 

2.0 60 102 

Buffer 100 100 
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complement-fixation may still be used; how- 
ever, it would be necessary first to absorb the 
antiserum with antigens other than those sen- 
sitive to DNAase. Such tests are now in 
progress. 

The foregoing results also demonstrate the 
existence of considerable variation among 
different DNA preparations and among dif- 
ferent antisera produced against such prepa- 
rations. Having obtained antiserum #51, 
shown to contain antibodies against DN Aase- 
sensitive antigens, it became possible to pre- 
test DNA preparations for presence of 
DNAase-sensitive antigens. This resulted 
in the selection of an immunizing preparation 
containing an appreciable amount of DNA- 
ase-sensitive antigens, and when rabbits were 
injected with this material, over 50% of them 
produced antibodies against DNAase-sensi- 
tive antigens. Previously, when immunizing 
preparations were not selected for DNAase- 
sensitive antigens, less than 5% of the ani- 
mals produced sera that contained the de- 


TABLE IV. Testing of Antiserum for Antibodies 

against DNAase-Sensitive Antigens by Comple- 

ment-Fixation with Preparation #1C Known to 
Contain DNAase-Sensitive Antigens. 


#1C preparation, 4°C 
Antigen,* Antiserum #88 

ug DNA 1:500 Buffer 

Jo Yo 

05 99t 102 

ail On 100 

5 88 101 

1.0 76 101 

2.0 65 101 

4.0 36 102 

8.0 47 102 

Buffer 99 100 


* U.V. absorption at 260 my and based on puri- 
fied calf thymus DNA as standard. 
t % lysis. 


#1C preparation, DN Aase, 37°C, 24 hr 


Antigen, Antiserum #88 

pg DNA 1:500 Buffer 

Jo To 

.05 99 102 

al 100 100 

5 86 98 

1.0 75 102 

2.0 54 102 

4.0 42 102 

8.0 54 102 

Buffer 100 100 
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TABLE V. Testing of Antiserum for Antibodies 

against DNAase-Sensitive Antigens by Comple- 

ment Fixation with Preparation #1C Known to 
Contain DNAase-Sensitive Antigens. 


#1C preparation, 4°C 


Antigen,* Antiserum §-12 
ug DNA 1:1000 1:500 Buffer 
; Yo < 
3) 72t 58 102 
1.0 43 13 102 
2.0 21 0 99 
Buffer 100 100 100 


* U.V. absorption at 260 my and based on puri- 
fied calf thymus DNA as standard. 
t % cells lysed. 


#1C preparation, DN Aase, 37°C, 24 hr 


Antigen, Antiserum §-12 
pg DNA 1:1000 1:500 Buffer 
: %o = 
5 93 96 100 
1.0 89 OO 102 
2.0 85 24 100 
Buffer 100 100 100 


sired antibodies. However, additional con- 
trolled experiments will be needed before it 
can be concluded that production of anti- 
bodies to DNAase-sensitive antigens depends 
upon the detectable presence of such antigens 
in the immunizing preparation. 

Summary. Complement-fixation has proved 
to be a rapid, sensitive method of testing 
DNA preparations obtained from Brucella 
abortus for DNAase-sensitive antigens, and 
similarly, for analyzing antisera for possible 
antibodies against DJNAase-sensitive anti- 
gens. Considerable variation in such anti- 
gens has been found among various DNA- 
rich preparations isolated from the same 
Brucella abortus strain and among antisera 
prepared against such preparations. The per- 
centage of rabbits that yielded antibodies 
against DNAase-sensitive antigens following 
immunization with a preparation selected for 
DNAase-sensitive antigens was greater than 
that obtained in prior studies with unselected 
immunizing preparations. 


The efficient technical assistance of Miss Christine 
Pootjes, Mrs. Janet Collins, and Mrs. Janet Feder is 
gratefully acknowledged. 
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JOHN ARCHAMBEAU, HERBERT GREENLEE AND PAUL HARPER 
(introduced by R. W. Wissler) 


Departments of Pathology and Surgery, University of Chicago 


The difficulty of maintaining dogs with a 
total pancreatic fistula in good electrolytic and 
nutritional balance is well-known(1,2). Dur- 
ing our experiments a total fistula was re- 
quired for various 24-hour collection periods 
and for spot testing. However, at other times 
there was no contraindication to returning 
the pancreatic juice to the animal and thus 
circumventing these difficulties. After the fol- 
lowing preparation is functioning, no intra- 
venous fluids or oral pancreas are required 
for maintenance: 


The pancreatic ducts are located and all 
except the accessory duct are ligated and tran- 
sected. The duodenum is transected 2-3 cm 
on either side of the accessory duct. A steel 
cannula is inserted into the duodenum con- 
taining the duct and this pancreatico-duode- 
nal pouch is then closed. The transected duo- 
denum is now anastomosed in continuity. A 
second cannula is placed in the distal duode- 
num, wrapped with omentum and_ brought 
through the body wall to the outside about 6 
cm from the cannula of the pancreatico-duo- 
denal pouch. A stiff-walled rubber tube is 
then used several days later to connect the 2 
cannulae (Fig. 1). 


Obstruction of the duodenal cannula by 
food can be controlled by doing a gastro- 
jejunostomy, inserting the cannula into the 
ileum, or constructing a one-way rubber flut- 


* Aided by grant from Otho—S. A. Sprague Me- 
morial Institute to Dept. of Surgery and Argonne 
Cancer Research Hospital, operated by University 
of Chicago for U. S. Atomic Energy Commission. 


ter valve from a Penrose drain. The external 
portion of the fistula is protected by a cloth 
bag to prevent the dog chewing the tube. 

If the pancreatico-duodenal fistula and 
gastro-jejunostomy are to be done, operative 
mortality can be reduced by doing the opera- 
tion in 2 stages. 


During collection periods a balloon or foot- 
ball-bladder on a threaded connecting tube is 
screwed into the cannula of the pancreatico- 
duodenal pouch. The duodenal cannula is 
blocked by a threaded plug. 

Dogs can be maintained without difficulty 
for several months (or longer) on routine ken- 
nel diet and care. Occasional inspections must 
be made to remove concretions of precipitated 
salts from the lumen of the steel cannula. The 


PANCREATICO - DUODENAL 
QUODENAL FISTULA 


FIG. 1. A diagrammatic view of the preparation. 

During collection periods a balloon is attached te 

the pancreatic cannula and the duodenal cannula 
is capped. 
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FIG, 2. Twenty-four-hr volumes of pancreatic 


juice from 2 dogs. 


24-hour volumes of pancreatic juice of differ- 
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ent dogs varied from 300-700 cc. However, 
the individual rate did not vary appreciably 
as the graph shows (Fig. 2). 

At autopsy, there was no gross or histologi- 
cal evidence of duct dilatation or of pancreati- 
tis. 

Summary. This report describes a surgical 
procedure for preparing a pancreatico-duode- 
nal fistula and shows the daily volume of 
secretion for 2 dogs. 


1. Dragstedt, L. R:., Montgomery, M. L., Ellis, 
J. C., Proc. Soc. Exp. Brox. anp MEp., 1930, v28, 109. 
2. Thomas, J. E., The External Secretion of the 
Pancreas, 1950, Charles C. Thomas, Springfield, III. 
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A number of iodinated diphenyl ether de- 
rivatives have been evaluated with respect to 
their thyroid hormone-like or antithyroid 
properties(1). No simple iodinated hydro- 
quinones or their derivatives have been evalu- 
ated however with respect to these character- 
istics. Since 2,6-diiodohydroquinone (DIH) 
has been suggested to be a potential degrada- 
tion product of thyroxine(2) it was consid- 
ered of interest to determine whether this 
simple hydroquinone or its derivatives possess 
hormonal or antihormonal characteristics. 
Preliminary studies of the effect of DIH on O» 
consumption in mice revealed that its toxicity 
interferred with an evaluation of its hormonal 
or antihormonal qualities. The diacetyl de- 
rivative of DIH (DDIH) however proved 
relatively non-toxic and exhibited antithyroid 
effects. This paper reports the extent and na- 
ture of these characteristics of DDIH. 

Methods. The antithyroid characteristics 
of DDIH were measured through a study of 
its influence on the elevated O. consumption 
of mice injected with L-thyroxine or L-triio- 


* This investigation was supported by research 
grant from Division of Arthritis and Metab. Dis., 
U. S. Public Health Service. 


dothyronine. Methods and equipment used 
were essentially those of Maclagan et al.(3) 
except that exogenous L-thyroxine and L-tri- 
iodothyronine were injected at levels of 2 mg/ 
kg and 1.68 mg/kg respectively. DDIH dis- 
solved in cotton seed oil was injected in 2 
equal portions, the first injected intraperitone- 
ally approximately 5 hours prior to the injec- 
tion of the thyroid hormone, and the second 
24 hours later. Measurement of O. uptake 
was made 48 hours after first injection of 
DIE: 

Results. The influence of DDIH on Os» con- 
sumption of mice is shown in Fig. 1. DDIH 
at a dose level of 400 mg/kg has no significant 
influence on Os consumption of untreated 
mice. Mice injected with 2 mg/kg of L- 
thyroxine, however, have significantly in- 
hibited Oy uptakes in presence of DDIH 
(Cer 102, 0,01) 

The influence of various concentrations of 
DDIH on Oz uptake of mice is shown in Fig. 
2. DDIH appears to induce a measurable 
effect at a total dose of 300 mg/kg. The maxi- 
mum inhibitory effect appears to be at 400 
mg/kg. Beyond this level the inhibitory ac- 
tion appears to have reached a plateau. 
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FIG. 1. Influence of a total dose of 400 mg/kg of the diacetyl derivative of 2,6-diiodohydro- 
quinone (DDIH) on O, consumption of mice in presence or absence of 2.0 mg of exogenous L- 
thyroxine (T.). Vertical line at top of each bar is 2 stand. deviations in length. 

FIG. 2. Effect of increasing concentrations of inj. DDIH on inhibition of elevated O, con- 
sumption of mice receiving 2 mg of exogenous L-thyroxine. Hach solid circle represents an in- 
dividual reading with a separate group of 8 mice. Open circles represent avg of a given series 


of individual readings. 


FIG. 3. Influence of a total dose of 1000 mg/kg of DDIH on O, consumption of mice in 
presence and absence of 1.68 mg of L-triiodothyronine. Vertical line at top of each bar is 2 


stand. deviations in length. 


FIG. IV. Generalized structures of compounds with antithyroid activities. R and R’ may be 


hydrogen or aliphatic groups. 


The influence of DDIH on mice Oz uptake 
elevated by injections of L-triiodothyronine 
instead of L-thyroxine is shown in Fig. 3. It 
is apparent that DDIH has no inhibitory ac- 
tion in mice injected with L-triiodothyronine. 

Discussion. The observation that DDIH 
inhibits the elevation of Os uptake in mice 
injected with L-thyroxine but not in those in- 
jected with L-triiodothyronine suggests that 
DDIH functions as an antithyroid compound 


in the same manner as n-butyl-3,5-diiodo-4 
hydroxybenzoate (BHDB). Wilkinson et al. 
(4) have theorized that BHDB acts as an 
antithyroid substance by virtue of its ability 
to prevent deiodination of thyroxine to tri- 
iodothyronine, the active form of the thyroid 
hormone(5). 

These data do not establish whether DDIH 
is inhibitory per se or whether it must first be 
hydrolysed to the free hydroquinone to induce 
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an inhibitory response. Preliminary studies 
with I'8! labeled DDIH indicate however that 
the major portion of injected DDIH is ex- 
creted via the urine in an unchanged form. 
If the compound is inhibitory per se this 
would indicate that an inhibitor of the deio- 
dinase responsible for thyroxine degradation 
need not possess a free hydroxyl group. This 
possibility has already been suggested by 
earlier authors(1). 

Sheahan ef al.(6) have generalized as to 
the structures of compounds which exhibit 
BHDB characteristics. They suggest that 
one of structures A or B of Fig. 4 is required 
for BHDB-like action. Our data would indi- 
cate that structure C must now be added to 
this group of antithyroid substances. 

Summary. The diacetyl derivative of 2,6- 


989 


diiodohydroquinone has been shown to be- 
have as an antithyroid substance. The avail- 
able evidence would suggest that the com- 
pound inhibits the deiodinase responsible for 
conversion of thyroxine to triiodothyronine. 
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1955, v35, 426. 
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Mammary Gland Growth in Rats.* 
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H. C. Damu,t W. R. MILter,t AND C. W. TuRNER 
(With technical assistance of Mary E. Powell) 
Department of Dairy Husbandry, University of Missouri, Columbia 


A number of steroid compounds have been 
shown to have varying mammary gland 
growth promoting (mammogenic) capacities 
when injected into ovariectomized mice(1). 
Differences in extent of lobule-alveolar growth 
were evaluated by visual examination of whole 
mounts of glands, and criterion of response 
was based on percentage of mice showing a 
minimum amount of lobule-alveolar growth 
after 10 daily subcutaneous injections of ma- 
terial to be assayed. More recently, improve- 
ments have been made in the method of meas- 
urement of mammary gland growth of mouse 
(2) and rat(3), using desoxyribosenucleic 
acid (DNA) as an index of normal and experi- 
mental mammary gland growth. With these 
methods and employing a 19-day injection 
period (normal gestation) it is now possible 


* Contribution from the Mo. Agri. Exp. Sta. Jour- 
nal Series No. 2334. Approved by the Director. Sup- 
ported in part by grants from Am. Cancer Soc. and 
U. S. Public Health Service. 

+ U.S.P.HS. postdoctoral Fellows of Nat. Inst. 
Health, 


objectively to quantitate amount of mammary 
gland growth resulting from injection of a 
given amount of steroid. 

Recent studies(4) have established a ste- 
roidogenetic pathway involving the following 
transformations: pregnenolone — _progeste- 
rone — 17a-hydroxyprogesterone — andros- 
tenedione — testosterone. Progesterone in 
synergism with estradiol has been shown to 
stimulate mammary gland growth in rats 
equal to that stimulated during pregnancy as 
measured by total DNA(3). It seemed of 
interest to determine whether pregnenolone 
would be converted to progesterone efficiently 
in ovariectomized rat as measured by mam- 
mary gland growth and further to determine 
whether steroids involved in the biosynthetic 
transformation of progesterone to androgens 
showed mammary gland stimulating proper- 
ties which might result from these further 
biogenetic changes. 

Materials and methods. Sprague-Dawley- 
Rolfsmeyer rats with an initial weight of 220- 
250 g were ovariectomized. Animals killed 35 


990 


STEROIDS AND MAMMARY GLAND GROWTH 


TABLE I. Effect of Pregnenolone, Progesterone, and Derived Metabolites on Rat Mammary 
Gland DNA. 


No. of Body wt 
Treatment animals (g) mean 
Castrate controls 8 282 
EB, 1 pg 12 304 
EB, 1 wg + P,3 mg 10 318 
Idem 17 278 
2 19 269 
EB, 1 wg + pregnenolone, 9 267 
3 mg 
EB, 1 wg + 17a-OH-pro- 10 316 
gesterone, 3 mg 
EB, 1 wg + androstene- 10 289 
dione, 3 mg 
EB, 1 pg + testosterone i) 282 


propionate, 3 mg 


* DFFT = dry, fat-free tissue. 


days post-castration served as controls. Re- 
maining animals were divided into groups re- 
ceiving 1 pg estradiol benzoate (EB), 1 pg 
EB plus 3 mg progesterone (P), 1 »g EB plus 
3 mg pregnenolone, 1 »g EB plus 3 mg 17a- 
hydroxyprogesterone, 1 »g EB plus 3 mg A?- 
androstene-3,17-dione (androstenedione), and 
1 pg EB plus 3 mg testosterone propionate 
daily for 19 days commencing 14 days after 
castration. Steroids were dissolved in propyl- 
ene glycol such that 0.1 ml solution was in- 
jected daily in each rat. Groups were killed 
one day following last injection, skinned rap- 
idly and 6 abdomino-inguinal glands removed 
and frozen. DNA was determined as de- 
scribed previously(3). Visual observations 
were made for presence of lobule-alveolar de- 
velopment but no attempt was made to sub- 
jectively quantitate extent of growth by this 
method. 

Results. Total DNA produced by injection 
of 1 »g EB daily for 19 days differed signifi- 
cantly from DNA observed in castrate con- 
trols (P < .001) (Table I). P injected in 
synergism with EB, produced total DNA of 
approximately same order as observed in pre- 
vious studies, and differed significantly from 
DNA observed in rats receiving EB alone 
(P < .001). All groups receiving pregneno- 
lone or metabolites of progesterone plus EB 
had total DNA which was significantly higher 
than DNA in rats receiving EB alone (P < 
05) but lower than in rats receiving EB plus 
P (P< .01). Groups receiving EB plus 
pregnenolone, 17a-hydroxyprogesterone, an- 


t Data from(5). 


DFFT* DNA Total DNA 
(mg) mean (yg/mg DFFT) (mg/100 g BW) 

682 11.6 2.807 + .22 
823 13.0 Ba) 33 panels) 
1499 15.4 7.009 + .34 

618 30.2 6.66 + .46t 

589 35.7 Ut Gas ABN! 
824 14.7 4.535 + .36 
1089 12.9 4.448 + 17 
998 13.8 4.772 + .42 
748 17.6 4.673 + .27 


t Data from(3). 


drostenedione and_ testosterone propionate 
produced 29.0%, 26.5%, 35.8% and 33.0% 
of growth produced by EB plus P over that 
produced by injection of EB alone. Variable 
but definite lobule-alveolar development was 
observed in groups receiving EB plus proges- 
terone, pregnenolone, 17a-hydroxyprogeste- 
rone, androstenedione, and testosterone. 

Discussion. Previous study(1) has shown 
that a number of steroids are effective to vari- 
able degrees in production of lobule-alveolar 
mammary gland growth in mice. The present 
study confirms these findings in rats, and in- 
dicates that, of compounds tested, progeste- 
rone is most effective. One objective of this 
study was to elucidate configurations among 
naturally occurring neutral steroids necessary 
for stimulation of maximum mammary gland 
lobule-alveolar growth. Since progesterone is 
most active, it is evident that most potent bio- 
logical activity is related to following steroid 
configurations: (a) Cs; nucleus, (b) A‘*-3- 
ketone, and (c) C-20 ketone. From other 
compounds tested, it would appear that re- 
placement of any of these groupings with fol- 
lowing configurations will decrease mammo- 
genic activity: (a) A°-38 hydroxyl grouping, 
(b) 17a-hydroxyl, (c) 17-ketone group and 
(d) Cy9, C-17 propionate. 

From steroidogenetic point of view, it would 
appear that pregnenolone could promote mam- 
mogenesis by one of two mechanisms. Either 
its action is attributable to partial conversion 
to progesterone, or it is active per se. In 
either case, it would appear that the A°-38 
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hydroxy grouping of pregnenolone is detri- 
mental to the molecule’s mammogenic action, 
for replacement of this group by the A‘-3 
ketone group (as in progesterone) greatly 
increases its mammogenic potential. 


There is no evidence indicating conversion 
of 17a-hydroxyprogesterone, androstenedione, 
or testosterone propionate to progesterone. 
Results indicated that these compounds pro- 
moted considerably reduced, although definite 
mammary gland lobule-alveolar development 
compared to EB and P. It would seem en- 
tirely possible that these metabolites of P pro- 
duced in normal biogenetic pathway, may be 
responsible in part for mammary gland 
lobule-alveolar growth observed in rats in- 
jected with P. 


Summary. Compounds in a steroidogenetic 
pathway (pregnenolone — progesterone (P) 
— 17a-hydroxyprogesterone — androstenedi- 
one — testosterone propionate) were tested to 
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determine their mammogenic effectiveness (as 
determined by desoxyribosenucleic (DNA) 
measurement) in ovariectomized rat when in- 
jected with estradiol benzoate (EB). Results 
indicated that EB plus P produced greatest 
total mammary gland DNA. EB plus preg- 
nenolone, 17a-hydroxyprogesterone, andros- 
tenedione or testosterone propionate produced 
29.0%, 26.5%, 35.8%, and 33.0% of DNA 
produced by EB plus P over that produced by 
injection of EB alone. 
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17-Ethynyl-4-estrene-3,17-diol Diacetate: A Unique Steroidal 


“Progestin 
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RIcHARD L. ELTON AND EHaARD F. Nuttinc (Introduced by F. J. Saunders) 
Division of Biological Research, G. D. Searle & Co., Chicago, Ill.. 


In recent years the organic chemist has pro- 
vided the biologist and clinician with a wide 
variety of synthetic steroidal substances. 
These have taken the form of potent estro- 
gens, progestins and adrenal corticoids. Sepa- 
ration of hormonal effects has become a 
reality: the masculinizing properties of andro- 
gens have been decreased without reducing 
their anabolic effects(1,2) and separation of 
lipid-shifting from “estrogenic” properties of 
the estrogens has been achieved(3). In addi- 
tion, the progesterone-like activity of the 
nortestosterone agents has been increased 
while their androgenic activities have been 
largely eliminated(4). This report describes 
a new steroid, 17a-ethynyl-4-estrene-3 ,17-diol 
diacetate, which is progesterone-like yet anti- 


* Synthesized by Drs. Frank B. Colton and Paul 
Klimstra, Division of Chemical Research, G. D. Searle 
& Co. 


progestational and also estrogenic as well as 
estrogen-antagonistic. 

Methods. Progestational and progesterone- 
antagonistic activities of 17a-ethynyl-4- 
estrene-3,17-diol diacetate (EED) were stud- 
ied using immature female rabbits primed 
with estradiol-178 for 6 days (Clauberg As- 
say). On the day following last injection the 
animals received the test compound alone (for 
progesterone-like activity) or in combination 
with progesterone (progesterone-antagonistic 
activity). The daily dose, in each instance, 
was contained in 0.1 ml corn oil and was ad- 
ministered subcutaneously or buccally for 5 
days. 

Animals were sacrificed on the day fol- 
lowing last injection and a segment of each 
uterus was removed, fixed and prepared for 
histological examination. Degree of glandu- 
lar arborization was determined and graded 


992 


after the method of McPhail(5). Estimates 
of progestational potency were obtained from 
dose-response curves of the compound and 
standard, subcutaneously or buccally adminis- 
tered progesterone. Anti-progestational ac- 
tivity of the compound was dependent upon 
depression of the uterine arborization pro- 
duced by a daily dose of 0.1 mg progesterone. 
In addition, progesterone-like activity was 
assessed using the technique of McGinty(6) 
in which the compound was administered to 
ligated segments of uteri in estrogen primed 
mature-spayed rabbits. Arborization of the 
glandular epithelium again served as the index 
of activity. 

Estrogen and estrogen-antagonistic proper- 
ties were obtained from studies involving uter- 
ine growth in intact immature female mice 
treated with EED alone (for estrogenic ac- 
tivity) or in combination with 0.3 pg estrone 
(for estrone-antagonistic activity)(7). The 
total dose was given in 3 equal subcutaneous 
injections over 3 successive days. The daily 
dose of the compound or compound plus 
estrone was given in a single injection of 0.1 
ml corn oil. At autopsy, 24 hours after final 
injection, uteri were removed, cleaned, scored 
and blotted to remove fluids and weighed on 
a torsion balance. A second method for de- 
termination of estrogenic activity was the rat 
vaginal smear assay. The rats were spayed at 
least 30 days before being placed in the test 
colony. Colony rats responding positively to 
estrone priming on 2 consecutive weeks were 
chosen and placed on treatment during the 
third week(8). The test substance was given 
in 2 injections 24 hours apart and vaginal 
smears were taken 56 and 72 hours after the 
first treatment. The smears were read accord- 
ing to the method of Biggers and Claringbold 
(9) where the absence of leukocytes was con- 
sidered as a positive response. 

Results and discussion. 17a-Ethynyl-4- 
estrene-3,17-diol diacetate (EED) proved to 
be a potent progestin as well as a progeste- 
rone-antagonist as judged from its effects on 
the uterine epithelium in rabbits (Fig. 1 & 2). 
Comparison of the dose-response curves ob- 
tained with EED and progesterone, when both 
were administered buccally, revealed EED to 
be about 40 times more effective than proges- 
terone (Fig. 1). Following subcutaneous ad- 
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ministration the potency of EED was esti- 
mated to be 1 to 2 times that of progesterone 
(Fig. 2). Maximal arborization following 
subcutaneous administration was obtained at 
a dose of 0.1 mg per day. However, as the 
dose was increased above this level the re- 
sponse of the glandular epithelium in the 
uterus was reversed and was absent at the 2 
and 4 mg dose levels. No such reversal was 
obtained with progesterone at high dose levels. 
Thus, EED differs from progesterone in this 
regard. When EED was administered buc- 
cally, no depression of the epithelial response 
was observed. This suggests differences in 
absorption and/or metabolism of EED by the 
2 routes. 

When administered in combination with 0.1 
mg of progesterone per day, 1 and 2 mg of 
EED antagonized the progesterone-induced 
arborization of the uterine epithelium (Fig. 
2). Doses of EED below 0.5 mg failed to 
antagonize the progesterone response but it 
will be noted that at these levels the com- 
pound itself was acting as a progestin. Thus, 
EED not only antagonizes its own progesta- 
tional effects, as shown earlier, but also in- 
hibits the response to added progesterone. 

Administered locally (McGinty Assay), 
EED was not effective in stimulating prolif- 
eration of the glandular epithelium in rabbits 
(Table I). Since the hormonal effects of EED 
have been shown to change at different dose 
levels the lack of activity in this single study 
may be due to the dose at which it was tested. 
Differences in absorption at the site of action 
can not be discounted. 

Estrogenic activity of EED was demon- 
strated in both bioassays to which it was sub- 
jected. It produced vaginal cornification in 
spayed rats; ED; values for EED and estrone 
were 54.0 and 2.4 wg per rat respectively. 
Thus, the relative potency of EED at this re- 
sponse level was estimated to be 4% (Fig. 3). 
EED was found to have uterine growth-stimu- 
lating properties in immature mice (Fig. 4). 
However, EED differed from estrone in this 
study since it had a shallow (impeded) dose- 
response curve and did not produce maximal 
uterine growth. In contrast to this uterine 
stimulating property, EED antagonized the 
effects of 0.3 ug of estrone on uterine growth 
(Fig. 3). Maximal inhibition of the response 
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FIG, 1. Response to buceally administered EED and progesterone in uterine epithelium of 
rabbits. Numbers in parentheses refer to number of animals tested. 

FIG. 2. Progesterone-like and progesterone-antagonistic effects of subeut. administered 
EED as measured by proliferative response in uterine epithelium in immature rabbits. Numbers 
in parentheses refer to number of animals tested. 

FIG. 3. Comparison of EED and estrone on vaginal cornification in spayed rats. Dose- 
response lines and ED; values were obtained by the minimum logit X? method(10). The ob- 
served responses were transformed from per cent to logit values and plotted as a function of 
dose. Parenthetical numbers indicate number of animals in each observation. 

FIG. 4. Estrogen-like and estrogen-antagonistic effects of subcut. administered EED as 
measured by uterine weights in immature mice. Each point represents inean uterine weight for 
8-10 mice; vertical bars represent +2 stand. errors of mean. 


to estrone (approximately 35%) was obtained 
with 100 »g EED. However, doses above 100 
pg failed to antagonize estrone-induced uter- 
ine growth since the uterine weights produced 
with these doses approach the asymptote ob- 
tained with the compound alone. It is of in- 
terest to note that in these studies both uter- 
TABLE I. Endometrial Response to 17a-ethynyl- 


4-estrene-3,17-diol diacetate (HEED) Administered 
to Ligated Segments of Rabbit Uteri. 


Compound Dose (ug) N  MePhail score* 
Oil = 5 ial 
Progesterone 3) 7 2.3 
EED 100 4 1.2 

10 4 1.6 


* In our studies only values of 2 or over on the 
activity scale are considered positive (active); 4 
represents maximal activity. 


ine growth (estrogenic effect) and estrone- 
antagonism (progestational effect) are ob- 
tained over the same dosage range. However, 
in the rabbit studies progestational and es- 
trogenic effects were patently separated. The 
progesterone-antagonistic property of EED in: 
rabbits can best be explained on the basis of 
its estrogenic component at the 1 to 4 mg dose 
levels since it was estimated to have about 
4% of the potency of estrone. At lower doses 
the progestational component is dominant. 
Summary. 17a-Ethynyl-4-estrene-3,17-diol 
diacetate is an agent that exerts unique hor- 
monal effects. By the subcutaneous route 
EED is 1 to 2 times more potent than proges- 
terone in producing proliferation of the uter- 
ine epithelium in rabbits, yet it is also capable 
of inhibiting this progestational response. 
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Buccally, EED is approximately 40 times 
more effective than progesterone, administered 
by the same route. EED is estrogenic as 
measured in both the mouse uterine growth 
assay and the rat vaginal smear assay yet 
when administered in conjunction with es- 
trone EED acts as an estrogen-antagonist. 
These opposing activities can best be ex- 
plained by the differences in hormonal domi- 
nance at low and high dose levels. 


We express thanks to Mrs. Juliette Sleeper, Mrs. 
Kathryn Paulsen and Miss Diane Richter for tech- 
nical assistance during these Studies. 
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Protection against staphylococcal infection 
has been the subject of extensive clinical and 
experimental investigations. Among the most 
provocative experiments are those in which 
resistance is enhanced by methods which are 
independent to those involved in specific ac- 
quired immunity(1,2). 

While investigating the properties of a 
staphylococcal extract which we were using as 
an hemagglutinating antigen, it was found 
that this extract had a definite resistance en- 
hancing effect in mice against experimental 
staphylococcal disease. This resistance could 
be demonstrated after 20 hours and held for 
2 heterologous strains of staphylococci as well 
as for the homologous strain and for one strain 
of E. coli. The extract did not visibly disturb 
mice and in rabbits did not behave like an 
endotoxin. In this study the details of these 
experiments are reported. 

Materials and methods. Mice—Swiss mice 
(CFW) weighing 15-20 g were used in all 


* Supported in part by research grant E-3366 from 
Nat. Inst. of Allergy and Infect. Dis. 


experiments, except where indicated. Staphy- 
lococci—‘Bartlett”, an epidemic, 80-81 strain, 
resistant to penicillin, obtained from Dr. 
David Rogers, then at the New York Hospi- 
tal, was used for preparation of the extract 
and except as indicated in the text for chal- 
lenging the mice. For the latter purpose the 
organisms from an overnight culture in tryp- 
ticase soy broth were obtained by centrifuga- 
tion and suspended in sterile saline. The con- 
centration of organisms per inoculum was de- 
termined by plating out serial dilutions on 
blood agar plates. Two other strains were 
used: ‘““H”—a non typable strain sensitive to 
penicillin which was obtained from Dr. Stan- 
ley Schneierson, Mt. Sinai Hospital, and 
“Giorgio” —a coagulase positive strain which 
was sent by Dr. Rene Dubos, Rockefeller In- 
stitute for Medical Research. 


Staphylococcal extract. 40 ml of trypticase 
soy broth were inoculated with a few drops of 
a 4 to 6 hour culture of the “Bartlett” strain 
of staphylococcus. After 18 hours of incuba- 
tion at 37°C the culture was centrifuged and 
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the supernate removed. It was acidified by 
addition of 0.5 ml of concentrated glacial 
acetic acid, then boiled over a hot plate until 
the volume was reduced to approximately 2 
ml. This concentrate was passed through a 
Whatman #5 paper filter and added dropwise 
to approximately 14 ml of 95% ethyl alcohol. 
The precipitate was collected by centrifuga- 
tion and dried under a vacuum for storage. 
It was reconstituted by addition of 2 ml of 
distilled water. If the solution was not water 
clear, it was centrifuged before use. 


The extract was usually light brown in 
color. Preliminary chemical analysis, done 
by Dr. Anita Opper, Mt. Sinai Hospital 
Chemistry Dept., indicated that it contained 
insignificant amounts of polysaccharide and 
large amounts of protein and lipid. It caused 
no visible disturbance in mice when as much 
as 0.3 ml were given intravenously. Repeated 
subcutaneous injections caused no local re- 
action and did not interfere with growth of 
the animals. The peritoneal reaction to intra- 
abdominal injection was similar to that pro- 
duced in response to saline injection except 
for a slight increase in number of polymorpho- 
nuclear cells. The extract was non-antigenic 
for mice since pools of serum obtained from 
mice 2 weeks after injection did not contain 
antibodies which could be detected by bac- 
terial agglutination, hemagglutination or latex 
fixation. It did not behave like an endotoxin 
in rabbits. When 0.2 ml of twice concen- 
trated extract were injected intradermally 
there was no visible reaction, nor did any ap- 
pear at these sites 24 hours after 2 ml of the 
same material were given intravenously. 

Triton X-100. This material produces a 
mucin-like enhancement of virulence. It is 
non toxic in 0.5% concentration (3). 

Experimental staphylococcal disease in mice. 
A staphylococcal infection which produced 
death usually between 8 and 24 hours was 
produced by injecting the mice by the intra- 
abdominal and the intra-cerebral routes. Ani- 
mals dying before 8 hours were not counted, 
and experiments were usually terminated at 7 
days. The intra-abdominal infection was 
achieved with 0.5 ml of a mixture of equal 
parts of a saline suspension of staphylococci 
and 0.5% Triton X-100. The number of or- 
ganisms required uniformly to kill more than 
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50% of the mice by this route was in the 
range of 108. The intra-cerebral infection did 
not require Triton. For this infection, about 
10° organisms were given in 0.03 ml. It was 
usually necessary to use several dilutions of 
organisms in the indicated range in each ex- 
periment to attain a critical dilution. This 
was considered to be the highest dilution, or 
smallest number of organisms, which killed 
more than 50% of the control animals. 

Results. Protection against intra-abdomi- 
nal infection. In these experiments the mice 
were injected intra-abdominally with 0.5 ml 
of either saline or extract. Twenty hours 
later they were challenged by the same route 
with 0.5 ml of a mixture of equal parts of a 
dilution of staphylococci and 0.5% Triton 
X-100. Selection of the proper dilution of 
challenging organisms was critical. If too 
large a challenge was given the protective ef- 
fect was obscured. However, if the effect of 
only the highest dilution of organisms which 
killed more than 50% of the control mice was 
studied, it soon became apparent that our ex- 
tract did indeed protect. This is shown in the 
upper half of Table I where the results of 8 
such experiments are summarized. Under the 
conditions of these experiments only 32% of 
control mice survived, as compared with 69% 
of the extract treated animals. The difference 
of 37% is highly significant. 

However, since both the extract and chal- 
lenge had been given by the same route, the 
possibility that this represented only peri- 
toneal blockade had to be excluded. This was 
done by giving the challenge intra-cerebrally. 

Protection against intra-cerebral infection. 
In these experiments, the mice were given 0.5 
ml of either saline or extract intra-abdomi- 
nally, and 20 hours later they were challenged 
by giving the organisms intra-cerebrally. In 
the lower half of Table I are summarized the 
results of 10 experiments in which critical 
dilutions were available. Only 24% of the 
control mice survived as contrasted to 56% 
of those given the extract. This difference of 
32% is also significant, clearly indicating that 
the protective effect is not local but systemic. 

Protective effect unrelated to size and age 
of mice. All of the above experiments were 
done with mice weighing 15-20 g. In a few 
experiments larger mice, mothers, weighing 


996 


ENHANCED RESISTANCE WITH STAPHYLOCOCCAL EXTRACT 


TABLE I. Protective Effect of Staphylococeal Extract in 15-20 g Mice. 


Preliminary saline 
(.5 ml intra-abdom. ) 


Preliminary staph. extract 
(.5 ml intra-abdom. ) 


No. of No. of ; 
Challenged: Exp. # mice Deaths Survivors mice Deaths Survivors 
Intra-abdominally 4-32 14 12 2 13 3 a 
(.25 ml staph. or- 7-29 8 6 2 8 0 
ganisms + .25 ml 8-28 13 qf 6 10 4 6 
Triton X-100) 9-27 16 13 3 15 3 12 
10-26 10 6 4 10 a 7 
12-24 25 14 11 25 8 ibe 
14-22 15 13 2 15 6 9 
16-20 14 il 1 15 7 8 
115 78 37 ial 34 77 
7/115 or 32% survivals 77/111 or 69% survivals 
Difference of 37% p= <.001 
Intra-cerebrally 1-16 10 9 il 10 4 6 
(.03 ml of staph. 3-13 31 24 7 31 17 14 
organisms) 4-12 29 23 6 31 14 17 
5-11 31 20 11 31 ites 18 
6-10 15 11 4 15 4 ill 
13- 3 10 6 4 10 4 6 
14- 2 10 8 2° 10 4 6 
15- 1 10 6 4 10 7 3 
16- 0 22 15 uf 21 9 12 
17- 0 30 28 2 30 13 17 
198 150 48 199 89 110 
48/198 or 24% survivals 110/199 or 56% survivals 
Difference of 32% 1) Se <A 


25-30 g, were used. In one such, after an 
intra-abdominal challenge, there were only 8 
survivors out of 26 in the control group, while 
23 of 25 extract-treated animals survived. In 
2 experiments suckling mice (1 to 3 days old) 
were used. The amount of extract and of 
challenging organisms used with these small 
animals were different than in the other ex- 
periments. The results are summarized in 
Table 2. Only 8 out of 80 sucklings (10%) 
in the control group survived, as compared to 
29 out of 83 (35%) of those which had pre- 
viously received the extract. 

Non-specificity of enhanced resistance. In 
all of the above experiments the animals were 
challenged with the same staphylococcus from 
which the extract had been prepared. In 3 
experiments other organisms were used and 
the results indicate that this enhancement of 
resistance or protection is non specific. In 
one, the heterologous ‘“H” strain was used to 
challenge the mice intra-abdominally. There 
were 10 mice in each group. Only 3 of the 
10 control mice survived, as contrasted with 
8 of 10 extract-treated animals. In a second 
experiment the heterologous “Giorgio” strain 


was used. This time the challenge was intra- 
cerebral. There were 15 animals in each 
group. Only 5 of the controls survived in 
contrast to 14 of the 15 extract-treated mice. 
In a third experiment an E. coli (0111-B4) 
was used without Triton to challenge the mice 
intra-abdominally. There were 15 animals in 
each group. None of the controls survived as 
compared with 6 of those which had been 
previously given the staphylococcal extract. 

Discussion. The mode of action of this 
staphylococcal extract is unknown. Since the 
protective effect occurs within 24 hours, and 
since antibodies have not been demonstrated 
after 2 weeks, it is apparently not by antibody 
production. 

North and Pawlyszyn(2) have suggested 
that this type of resistance is similar to inter- 
ference between animal viruses. Interference 
is thought to operate at the level of the indi- 
vidual susceptible cell. The exact mechanism 
is unknown, but a widely held view is that it 
is by competition for cellular constituents 
which are available only in limited supply. 
However, the staphylococcus is not an obli- 
gate intra-cellular parasite, and so it is diffi- 
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TABLE II. Protective Effect of Staphylococcal Extract in Suckling Mice. 
a as ee ee eS ae ON ee ee 
Preliminary saline Preliminary staph. extract 
(.03 ml intra-abdom.) (.03 ml intra-abdom. ) 
No. of No. of 
Challenged: Exp. # mice Deaths Survivors mice Deaths Survivors 
Intra-abdominally 11-25 44. 42 2 46 35 11 
(.03 ml staph. 12-24 36 30 6 37 tS 18 
organisms) : 
80 72 8 83 54 29 
8/80 or 10% survivals 29/83 or 35% survivals 
Difference of 25% p= <.001 
cult to see how the enhanced resistance re- ties for further investigation. If it can be 


ported here can be called interference in the 
sense in which it is used in virology. 


The rapid appearance of resistance might 
also suggest that properdin were involved, 
were it not for the observation(4) that gram 
positive cocci are insensitive to the properdin 
system, at least as measured by the im vitro 
bactericidal test. 

A more likely mode of action for the ex- 
tract is stimulation of the reticuloendothelial 
system. This is suggested by Bohme and 
Bouvier’s observation(5) that the reticulo- 
endothelial system of the mouse fails to re- 
spond in experimental staphylococcal infec- 
tions, and Rowley’s report(6) that extracts of 
S. typhi, which also lead to an early enhanced 
resistance(1), stimulate the reticuloendothe- 
lial system. However, it must be noted that 
our staphylococcal extract does not have the 
endotoxic activity of S. typhi extracts. 

That the protective effect of the staphylo- 
coccal extract is obscured if too large a chal- 
lenge is given, suggests that mice are capable 
only of a limited increase in this type of re- 
sistance. 

Since this staphylococcal extract is rela- 
tively non toxic it offers interesting possibili- 


shown to work in other species, it may prove 
to be a useful prophylactic agent—not only 
against staphylococcal infections, but as sug- 
gested by our &. coli experiment, against a 
variety of bacterial diseases. 

Summary. An extract from the supernate 
of an epidemic strain of staphylococcus which 
was not an endotoxin was injected intra- 
abdominally in mice. Twenty hours later the 
systemic resistance of these mice was signifi- 
cantly enhanced to lethal infections with ho- 
mologous and heterologous strains of staphy- 
lococci and a toxogenic strain of E. coli. This 
effect was demonstrable in suckling, young 
and old mice. 
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Enzymatic Activity Related to Human Serum Beta-Liprotein: 
Histochemical, Immuno-Electrophoretic and Quantitative Studies.* (26824) 


S. H. LAWRENCE AND P. J. MELNICK 


(Introduced by C. M. Carpenter) 


Biochemistry Research Laboratory and Clinical Laboratory Service, Veterans Administration 
Hospital, San Fernando, Calif., and Depts. of Infectious Diseases and Pathology, University of 
California at Los Angeles 


Histochemical technics have been success- 
fully adapted for demonstration of enzymatic 
activity following starch gel electrophoresis 
of blood serum(1,2). In the present study 
these technics for 11 enzymes were applied 
to human serum following immuno-electro- 
phoresis. A striking localization of activity 
of all 11 enzymes was found in the beta-lipo- 
protein precipitin line. The enzymatic activ- 
ity of beta-lipoprotein fractions separated by 
an ultracentrifugal procedure was investi- 
gated by quantitative methods. The results 
suggest that beta-lipoprotein may function as 
a carrier of certain serum enzymes in an in- 
active state. 

Materials and methods. Immuno-electro- 
phoresis of human serum was carried out as 
described by Grabar(3). Histochemical en- 
zyme stains were then done on the immuno- 
electrophoresis preparations in the same way 
aS was previously described for starch gel 
electrophoresis(1.2) for the following 11 en- 


zymes: cholinesterase, esterase, acid phos- 
phatase, alkaline phosphatase, beta-glucu- 
ronidase, aminopeptidase, succinic, lactic, 


beta-hydroxybutyric and glutamic dehydro- 
genases and cytochrome oxidase. 

Standard quantitative procedures were also 
carried out on whole serum and on purified 
beta-lipoprotein and other fractions for de- 
termination of activity of the following en- 
zymes: transaminase(4), acid and alkaline 
phosphatases(5), beta-glucuronidase(6), lac- 
tic dehydrogenase(7), lipase(8), isocitric de- 
hydrogenase(9), malic ~dehydrogenase(10), 
aminopeptidase(11), amylase(12) and cho- 
linesterase(13). 

Beta-lipoprotein (low density lipoprotein) 
was prepared in the Spinco Model E ultra- 
centrifuge after adjusting the specific gravity 


* Supported in part by a grant from Calif. Tuber- 
culosis and Health Assn., and by U. S. Public Health 
Service Grant #C5205. 


of plasma to 1.063 with a saturated solution 
of equal parts of KBr and NaNOs. Out- 
dated bank blood was used as a source of 
plasma, but all essential findings were 
checked with serum or plasma freshly drawn 
from laboratory personnel volunteers. After 
centrifuging at 40,000 RPM for 12 hours the 
top ml of milky solution (beta-lipoprotein) 
was pipetted off. The bottom of the 1.063 
tubes was then pooled, specific gravity ad- 
justed to 1.21 and the pool recentrifuged at 
40,000 RPM for 24 hours. The 2 ml of milky 
fluid at the top was carefully collected and 
designated alpha (high density) lipoprotein 
(14). Analytical ultracentrifugation was 
done by the method of De Lalla and Gofman 
(15). 

Results. Histochemical methods. Fig. 1 
shows enzymatic activity of the 11 enzymes 
demonstrated by histochemical methods in 
immuno-electrophoretic preparations of hu- 
man serum. In each preparation whole hu- 
man serum is above the trough and purified 
human beta-lipoprotein below with anti-hu- 
man goat serum in the trough.t 

The localization in all cases of enzyme ac- 
tivity in the beta-lipoprotein precipitin line 
is apparent. There is also activity in the 
area between the origin and the beta-lipopro- 
tein precipitin line. Some enzymes showed 
activity elsewhere on the slide. Enzymatic 
activity in the beta-lipoprotein arc was also 
obtained against anti-whole serum and anti- 
beta-lipoprotein serum on Ouchterlony 
plates; examples stained for protein and 2 
enzymes are illustrated in Fig. 2. 

Hydrolytic enzyme controls containing no 
substrate or with boiled serum or beta-lipo- 
protein showed no enzymatic activity. In 
the DPN-linked enzymes for which the tetra- 
zolium salt Nitro BT was used, minimal 
staining was seen in the beta-lipoprotein line 


+ Hyland Laboratories, Los Angeles, Calif. 
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FIG. 1. Immuno-electrophoretic pattern of whole human serum (top) vs purified human lipopro- 


tein (bottom). Anti-human goat serum is in trough. 


1, Protein stain; 2, succinie dehydroge- 


nase; 3, acid phosphatase; 4, alkaline phosphatase; 5, aminopeptidase; 6, beta-glucuronidase ; 


7, cholinesterase; 8, esterase; 9, lactic dehydrogenase; 10, glutamic dehydrogenase ; 


11, eyto- 


chrome oxidase; 12, beta-hydroxybutyric dehydrogenase. 


in controls containing no substrate. The in- 
tensity of the stain was increased by adding 
substrate. The non-specific staining was en- 
tirely eliminated when boiled serum or beta- 
lipoprotein was used. 

Enzymatic activity of  beta-lipoprotein 
fractions. The purified beta-lipoprotein was 
examined for activity of the 12 enzymes listed 
above. Activity in all cases was below the 
normal serum level and the serum or plasma 
from which it was made, whether out-dated 
bank or fresh, showed levels within normal 
limits. After the beta-lipoprotein fraction 


had been exposed to sonic oscillation? (250 
watts, 10 KC) for 40 minutes the enzymatic 
activity of 8 of the 12 enzymes tested was 
well above the normal serum level although 
the lipoprotein fraction represented only the 
top one ml from a 10 ml sample of normal se- 
rum following ultracentrifugation. Cholin- 
esterase and alkaline phosphatase were mark- 
edly increased in the beta-lipoprotein fraction 
by sonic oscillation but the activity did not 
exceed normal serum levels. Aminopeptidase 


+ Raytheon Mfg. Co., Waltham, Mass. Sonic oscil- 
lator. 
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FIG. 2. Ouchterlony plates. A, protein stain; B, cholinesterase stain; C, succinic dehydroge- 


nase stain. I, human serum; 


II, anti-human goat serum; 


III, anti-human beta-lipoprotein 


goat serum; IV, anti-human beta-2 macroglobulin (Waldenstrém) goat serum; V, human beta- 


lipoprotein + II; 


activity was not affected by sonic treatment 
and no amylase activity was found either be- 
fore or after treatment (Table I). Analytical 
ultracentrifugal analysis of the beta-lipopro- 
tein fraction before and after sonic treatment 
is shown in Table II. 

The effect of sonic oscillation is illustrated 
by the transaminase results (Fig. 3). Puri- 
fied beta-lipoprotein showed activities vary- 
ing from 3 to 10 units per ml in various prep- 
arations. After 40 minutes in the sonic oscil- 
lator this activity had increased to over 50 
units per ml. After storing for several days 
the activity was again reduced, and could be 
restimulated to even higher levels by reex- 
posure to sonic frequencies. 

Freezing and thawing, addition of dinitro- 
phenol, ether extraction, and bubbling oxygen 
through the mixture were also effective to 


View Lv avi pore Calva 


varying degrees in liberating enzyme activity 
from the purified lipoprotein. 

High density lipoprotein (s.g.>1.063) 
showed no activity either by quantitative 
technics or immuno-electrophoresis. 

Discussion. The sequestration of enzy- 
matic activity, as well as its liberation by 
physical methods, in beta-lipoprotein, is simi- 
lar to observations on the enzymatic activity 
of mitochondria(16). Mitochondria are also 
known to contain lipoprotein(17). Appar- 
ently the relationship of beta-lipoprotein to 
mitochondria has never been investigated. 

A possible interpretation of these findings 
is that beta-lipoprotein may form a relatively 
unstable complex with certain molecules whose 
activity is normally intracellular thereby car- 
rying them in the circulatory system in an 
inactive state. The complex is probably a 


TABLE I. A Comparison of Activity of Purified and Activated Beta-Lipoprotein with Whole 


Serum. 

c Activity ~ 

Purified beta- Activated beta- 
Enzyme Serum units lipoproteint lipoproteint Units Ref 
Transaminase SGO-T 8- 40/ 1 ml 5 150 Karmen 4 
3 SGP-T eS 0) ae a 130 as 4 
Acid phosphatase” ~ 0.5 - 1.57100 ml 0 6 Bodanski 5 
Beta-glucuronidase AeA olyy IN Gaal 20 450 Fishman 6 
Lactic dehydrogenase 100-350/ 1 ml 50 500 Sigma 7 
Lipase De aly ik snl 0 3 Tietz, et al. 8 
Tsocitric dehydrogenase 47-264/ 1 ml 20 350 W-WA ©) 
Mali¢ ¥ 42-195/ 1 ml 35 300 Siegel, ef al. 10 
L-Aminopeptidase 75 -230/ 1 ml 75 75 G-R 11 
Cholinesterase 40— 80/9510 ml 25 25 Rappaport 13 
Alkaline phosphatase 2- 4.5/100 ml 0 2 Bodanski 5 
Amylase 80- 150/100 mi 0 0 mg glucose 12 

liberated 


t Avg of 2 or more determinations, 
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TABLE II. Ultracentrifugal analysis (mg/100 m1) 
of Beta-Lipoprotein Fractions. 


Sf° 0-12 Sf° 12-20 Sf°20-100 Sf° 100-400 
A 145.4 0 4.8 5 
ie 37.7 0 14.9 25 
B 184.5 4.8 4.8 5 
BS 32.3 0 9.9 10 


A. Prepared from plasma from outdated bank 
blood. 


B. Prepared from fresh plasma. 
* After 40 min. in sonic generator. 


physical rather than a chemical one, inas- 
much as it can be easily dissociated by physi- 
cal means. Reinactivation of the enzyme- 
lipoprotein mixture on standing and libera- 
tion of the enzyme activity again on reex- 
posure to sonic frequencies would seem to 
support this as would the fact that certain 
antigen-antibody reactions are potentiated by 
freezing and thawing(18). The term “se- 
questration” is proposed for this property of 
beta-lipoprotein. 

Summary. Activity of 17 different en- 
zymes was found to be present in human 
serum beta-lipoprotein by either standard 
quantitative or histochemical-immunoelectro- 
phoretic technics. By the former methods the 
activity could be increased by several physi- 
cal procedures which apparently affected the 
beta-lipoprotein molecular structure. The 
histochemical technics were annulled by boil- 


150 


ACTIVITY 


TIME (mim) 
FIG. 3. Effect of sonic oscillation on transaminase 
(SGO-T) activity of beta-lipoprotein. Solid line, 
first exposure; broken line, re-exposure after 1 wk 
in cold room. 
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ing and were substrate specific except for 
slight reactions of the DPN dependent en- 
zymes without substrate. Staining which oc- 
curred in these cases was more intense, how- 
ever, when substrate was added. These 
observations suggest a possible new theory 
of beta-lipoprotein function: namely, that it 
may form a complex with enzymes as well as 
certain other molecules whose activity is nor- 
mally intracellular thereby inactivating them 
while in the circulatory system. 


The authors are indebted for many helpful sug- 
gestions to Drs. Henry E. Weimer, David Salkin and 
Lawrence Wayne and to Mrs. Constance Humel- 
baugh for performing ultracentrifugal analyses. 
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Reactivation of Arthus-Type Inflammation by Reduced Glutathione. (26825) 


Hiro Hayasut AND Ryoyu Nitta (Introduced by George Ungar) 
Department of Pathology, Kumamoto University Medical School, Kumamoto, Japan 


Recent reviews have summarized the evi- 
dence for the activation of proteolytic en- 
zyme systems as a common mechanism for 
various types of allergic reactions(1,2). We 
found that the activity of an SH-dependent 
skin protease increases simultaneously with 
development of the cutaneous Arthus pheno- 
menon and decreases as the inflammation 
subsides. The latter phenomenon is due, at 
least in part, to local accumulation of a pro- 
tease inhibitor of polypeptide nature(3-5). 
Both enzyme and inhibitor are released from 
mesenchymal connective tissue cells and can 
be extracted in the euglobulin fraction of the 
inflamed skin(5-7). The Arthus reaction 
was shown to be inhibited by the inhibitor- 
containing euglobulin(8) or the partially 
purified inhibitor. 

It was observed in a preliminary study that 
the euglobulin extracted from healing Arthus 
sites shows little protease activity but be- 
comes proteolytic on addition of reduced glu- 
tathione (GSH). The present paper shows 
that intradermal injection into completely 
healed Arthus sites results in rapid reactiva- 
tion of the inflammatory process. 

Materials and methods. Adult male al- 
bino rabbits were sensitized with 3 subcuta- 
neous injections of 5 ml bovine serum every 
other day. On the 11th day after last injec- 
tion the precipitin titer of the sera was meas- 
ured by the ring test(5). Animals showing 
precipitin titers of 2° were given 4 intrader- 
mal injections of 0.2 ml antigen in the flanks. 
The reaction became visible 5 hours later, 
reached its peak in 24 hours and decreased 
thereafter. Inflammatory reactions were 


graded according to the method of Cochrane 
and Weigle(9). The present study was done 
12 to 19 days after injection when the reac- 
tion had completely disappeared. 

A commercial preparation of GSH was used 
after verification of its reduced state by am- 
perometric titration(10). Amounts of 0.2 or 
0.3 ml of 0.1 M GSH (in physiological sa- 
line) were injected intradermally into the 
center of 2 of the healed sites, shaved 24 
hours prior to injection. The 2 opposite sites 
received the same volume of saline. The re- 
actions produced were compared macro- 
scopically and histologically after fixation in 
10% formol and hematoxylin-eosin staining. 
An injection of GSH was also made into a 
virgin skin site of each animal. 

Results. Injection of GSH into healed Ar- 
thus sites was followed in all cases by the ap- 
pearance of visible inflammatory reactions 
within 2 hours, which reached a peak in 9 to 
11 hours and lasted 72 to 96 hours. These 
reactions developed and regressed more rap- 
idly than the original Arthus phenomenon. 
At the height of the reaction, moderate to se- 
vere hemorrhage was observed with mild 
sloughing in the center of the lesion; there 
was no severe desquamation or necrosis. In 
3 out of 8 cases the inflammation was almost 
as intense as in the original Arthus reaction; 
in the other 5 cases the reactions were mod- 
erate (Fig. 1). With 0.2 ml GSH the in- 
flammatory reaction followed the same se- 
quence as above but the reaction was less 
marked; mean value of the great diameter of 
the lesion was 22 mm. In Table I is a com- 
parison between the original Arthus reaction 


FIG. 1. Reactivated inflammation in rabbit skin. A, B and C, 18-day-old healed Arthss 
sites inj. with 0.3 ml 0.1 M GSH (3+ grade reactions); D, healed site inj. with 0.3 ml saline; 
E, virgin site inj. with 0.3 ml 0.1 mM GSH. Picture taken 10 hr after inj. 


BG 


Photomicrograph of reactivated lesion. 


Hematoxylin-eosin staining; X45. Skin 


specimen collected 10 hr after inj. of GSH. The reaction is almost indistinguishable from orig: 


inal Arthus phenomenon. 


FIG. 3. Marked degree of perivascular infiltration of mononuclear cells in proximity of the 


muscular layer. Hematoxylin-eosin, X 400. 
FIG. 4. 


Fibrinoid exudation and leucocytie infiltration in reticular layer; small blood ves- 


sel showing lesions of panarteritis nodosa type. Hematoxylin, 150. 
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TABLE I. Macroscopic Reactions to Injection of GSH into Healed Arthus Sites. 


TE 


fanno Reactions* 

rues Inj. GSH, Re, 
No. ce Original Arthust Healing day GSH-inj. sitet 

Ions 3 re 444 dete 12, 12, 14 4 adage 

4 5, 66 ” eee ae 15,14, 18 Dato) DA 

7, 8 D Hee ie le 19, 13 OoE See oe 

9,10, 11 2 Ted ae 15, 18, 15 1 oat 


* Mean grade of inflammation in each rabbit; there was little difference in reaction inten- 


sity in different sites of the same rabbit. 
t Reactions at 24 hr. 
t K eel Oph: 

§ Shown in Fig. 1. 


Inj. of GSH into virgin site or of saline into healed site induced no reaction. 


and the reactivated phenomenon. 

No reactions were observed after injection 
of GSH into virgin skin sites of sensitized 
animals or after injection of saline into healed 
Arthus sites. 

Histological studies on biopsy specimens 
taken 10 hours after injection of GSH showed 
varying degrees of cutaneous lesions similar 
to those of the original reaction. The lesions 
were characterized by: 1. diffuse and local 
infiltration by inflammatory cells; 2. fibrinoid 
exudation as shown by eosinophilic swelling 
of collagen bundles and interfibrillar deposi- 
tion of an eosinophilic amorphous material; 
3. vascular changes visible as eosinophilic 
swelling and necrosis of vessel walls; 4. hem- 
orrhage or formation of hyaline and fibrinous 
thrombi in the small blood vessels. Varying 
degrees of these lesions were found in all 
sites. The most severe reactions (3 animals) 
were almost indistinguishable from the ori- 
ginal Arthus phenomenon (Fig. 2). In 8 
other cases the reactions were moderate and 
2 among these were characterized mostly by 
extensive fibrinoid exudation. 

The type of cells participating in the reac- 
tion is of interest. Mononuclear infiltration 
appeared either in a diffuse or a focal (peri- 
vascular) pattern with a preference for the 
papillary layer of the corium and the subcu- 
taneous tissue close to the muscular layer 
(Fig. 3). Some of the cells were lymphocytes 
but most of them were monocytes and histio- 
cytes. Large number of plasma cells were 
found in the same area, especially around 
small blood vessels. The dense mononuclear 
accumulation resembled the picture observed 


at a late stage of the Arthus phenomenon. 
Polymorphs and eosinophiles were also dis- 
tributed in either a diffuse or a focal pattern 
but the greatest accumulation took place in 
the reticular layer of the corium. Fibrinoid 
exudation and vascular reaction also pre- 
dominated in this area where varying degrees 
of lesions of the peri- or panarterites type 
were observed (Fig. 4). These lesions were 
similar to those observed in the early phase 
of the Arthus reaction. 

Varying numbers of mitoses were observed 
in the epidermis of the reactivated area, espe- 
cially in the 3 cases which showed the most 
intense reaction. Mitoses were also seen in 
the muscular layer of the walls of small and 
middle sized arteries. 

No significant histological changes were 
observed in the saline injected sites or the 
virgin sites treated with GSH. 

Discussion. Cochrane et al.(11) showed 
that reinjection of the antigen into a healed 
Arthus site induces a lesion similar to the 
original reaction. This reactivation is cer- 
tainly different from the phenomenon de- 
scribed in this paper, and it was shown to be 
produced by an antigen-antibody reaction in 
the blood vessel walls. Our observations can 
probably be interpreted in terms of activation 
of proteolytic enzymes by GSH. It is also 
possible that GSH acts on the inhibitor poly- 
peptide mentioned above since it has been 
shown that this substance loses its activity 
under the influence of reducing agents(12). 
GSH is a powerful endogenous hydrogen car- 
rier and it is believed that one of its func- 
tions is to keep SH-dependent enzymes in the 
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reduced form. The observations presented 
here may have some bearing on the mechan- 
ism of the recurrence of chronic inflammatory 
processes in rheumatic myocarditis and rheu- 
matoid arthritis. 


Summary. Injection of GSH into recently 
healed sites of Arthus phenomenon produces 
a reactivation of the inflammatory process. 
The reactivated lesion has the same aspect 
and same histological characteristics as the 
original reaction. 
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Acetazolamide, respiratory COs. 387. 
Acetohexamide metabolism. 583. 
Acid, acetic, 3-pyridyl-, nicotine metabolism. 145. 
amino, 8-lactoglobulin, growth, mice. 979. 
ca decarboxylase, human basophils. 
diet, creatine, histidine, 1-methylhistidine 
excretion, 929, 
lysine polypeptides. 366. 
methionine, S35 uptake. 277. 
mycobacterial cell wall. 289. 
bile, blood. 306. 
cholesterol. 49. 
chick serum. 742. 
human, gas-liquid chromatography. 126. 
DNA degradation. 138. 
placentomata formation, hormone 
gism. 471. 
progesterone. 469. 
fatty, free, goldthioglucose obesity. 941. 
platelet phosphatides. 483. 
glutamic, formimino-, vitamin Fi. 723. 
mevalonic, -2-Cl4, guinea pig. 856. 
nicotinic, cholesterol biosynthesis in vitro, 160. 
insulin hypoglycemia. 975. 
nucleic, synthesis, anti-leukocyte factors. 302. 
pangamic, myo-neval junction. 420. 
ribonucleic, infectious, foot-and-mouth 
ease virus. 610. 
S$35-6-mercaptopurine. 324. 
sialic, Rh. (D) antigen. 692. 
growth inhibition. 242. 
Adrenal cortex, triparanol. 347. 
17-hydroxyprogesterone. 398. 
Adrenalectomy, thyroxine secretion. 571. 
Agent, Eaton’s, tissue culture. 715. 
Aging, dermal chemical response. 280. 
human salivary bactericidin. 406. 
phosphorus metabolism. 377. 
Alcaptonuria. 183. 
Allergy, auto-, testicular antigen without adju- 
vant. 116. 
specificity, cornea. 478. 
Anabolic activity, levator ani test. 744. 
Anaphylaxis, histaminase release. 466. 
intestinal muscle. 68. 
passive cutaneous, hemorrhage, immune com- 
plex. 779. 
Antibiotic, hemorrhagic shock. 620. 
penicillin, alphaphenoxyalkyl-, resistant sta- 
phylococci. 455. 
analogues, serum binding. 337. 
cephalosporin C, Staphylococci. 675. 
trachoma virus, tissue cultures. 508. 
Antibody, amphibian, electrophoretic distribu- 
tion. 71. 
auto-, submaxillary gland globulin. 486. 
fluorescent, polio virus identification. 1. 
glucagon, metabolism. 491. 
homologous milk, rabbit. 850. 
insulin, detection. 345. 
6-mercaptopurine, guinea pig. 933. 
urine, normal. 765. 


syner- 


dis- 


Antigen competition. 949, 
DNAase-sensitive, Brucella abortus. 982. 
ferritin, Arthus reaction. 546. 
platelet, complement fixation test. 931. 
-reagin interaction, electrophoresis. 542. 
Rho (D) sialic acid. 692. 
testicular, without adjuvant. 116. 
transplantation. 968. 

Antigenicity, ragweed, mice. 763. 

Ascites production, mice. 163. 
tumor cells, Ehrlich modification. 389, 


growth, heparinized peritoneal cavity, 
mouse. 838. 
Atherosclerosis, rabbit, cholesterol, cholestanol. 
83. 


serum, cultured cell cholesterol. 594. 
silicone fluids. 442. 


Bactericidin, normal, disappearance, irradiated 
mice. 590. 
salivary, human, age. 406. 
Bacterium, Brucella abortus, 
antigens. 982. 
interaction, Vibrio cholerae, Shigella flexneri, en- 
terococci. 332. 
truce occas alphaphenoxyalkyl penicillins. 
455. 
extract, protective. 994, 
penicillins, cephalosporin C. 675. 
aureus, penicillinase transduction. 678. 
Barbiturates, spinal, ocular fluid entry. 180. 
Bile, intrinsic factor. 900. 
loss, [181 urinary, biliary excretion. 502. 
-pancreatic deficiency, fat assimilation. 40. 
secretions, collection tubes. 248. 
Blood, anemia, erythrocytes, reticulocyte size. 
887. 
basophils, histidine decarboxylase. 123. 
erythrocytes, palmitate-1-C'4 oxidation. 205. 
sickle cell DPN binding. 23. 
survival, molybdenosis. 924. 
triiodothyronine uptake, mongolism. 401. 
erythropoietin, irradiated rat. 751. 
rabbit plasma, partial purification. 221. 
red cell survival. 884. 
flow, colon. 512. 
coronary, canine. 786. 
hypergammagloblinemia, mink, 919, 
leukemia, mouse, beta-2A. 632. 
vertical transmission. 88. 
leukocytes, labeling. 422. 
respiration, latex particles. 748. 
lipoprotein pre-staining, density gradient. 296. 
platelet antigens. 931. 
phosphatides, fatty acids. 483. 
volume, hypertension, primary aldosteronism. 
728. 
Bone, cell proliferation, autoradiography, DNA 
labeling. 719. 
chelating agents. 429. 
electrolytes, adrenal corticosteroids. 132. 
marrow mitosis, colchicine, vincaleukoblas- 
tine, Syrian hamster. 891. 


DNAase-sensitive 


1010 


strontium elimination, tetracycline. 550. 
Brain, electrolyte binding. 754. 

noradrenaline, serotonin, amphetamine effect. 

Ge 
proteins, separation, electrophoresis. 773. 
stress, potassium content. 972. 
release. 973. 

Burns, debridement, bioassay. 79. 


Calcification in vitro, chlorpromazine. 953. 
Calciphylaxis, egg albumen, dihydrotachysterol 
sensitization. 600. 
Calcium, phosphorus metabolism, chronic CO:. 
$50: 
Cancer, adrenal, androsterone, etiocholanolone 
precursors. 439. 
breast, detection, radioautography. 847. 
mammotropes, radiation. 921. 
placentoma, hormones, DNA measurement. 
469. 471. 
Cell, amnionic, Coxsackie virus adaptation. 544. 
poliovirus infection, metabolism. 603. 
copper, molybdenum, intracellular. 666. 
culture, cholesterol, atherosclerotic serum. 594. 
fibroblasts, stressed serum, lipid synthesis. 
525) 
HeLa, Junin virus. 684. 
lactalysate replacement. 876. 
liver, transmissible agent. 135. 
Ehrlich, modification. 389. 
enterochromaffin, pressure. 58. 
fractions, phospholipid analysis. 383. 
islet, stimulation. 66. 
lipid metabolism, cholesterol. 30. 
sickle, erythrocyte DPN binding. 23. 
wall, mycobacterial, amino acids. 289. 
Cerebrospinal fluid, specific proteins. 170. 
Chlorpromazine, calcification im vitro. 953. 
Cholesterol, bile acid effect. 49. 
biosynthesis im vitro, nicotinic acid. 160. 
rabbit atherosclerosis. 83. 
serum, see Serum cholesterol. 
testicular, hormones, behavior, starling. 653. 
Circulation, coronary, epinephrine. 474. 
Collagen, homogentistic-tanned. 183. 
Complement fixation, feline viruses. 645, 
mother-cord sera. 695. 
mouse, hemolytic activity. 227. 
Cytotoxicity, antihistiocyte serum. 8. 
thermostable factor, human serum. 235. 


Diabetes, sulfonylurea, antidiabetic. 245. 

Diet, absorption, monosaccharides. 263, 265. 
amino ave: B-lactoglobulins, growth, mice. 
histidine; creatine, histidine, 1-methylhistidine 

excretion. 929, 
lactose, glucose uptaké, adipose tissue. 551. 
necrogenic yeast, viral ‘hepatitis, mouse. 437. 
protein, arginase. 151. 
magnesium, potassium. 793. 

Drug, acetohexamide metabolism. 583. 

convulsant, 4-phenyl-4-formyl-N-methyl pip- 
eridine (1726 IS). 272. 

diuretic, hypotensive, polythiazide. 864. 

immune response. 796. 

isocarboxazid metabolism. 613. 


Electrolyte binding, brain. 754. 
Electrophoresis, antigen-reagin interaction. 542. 
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Embryo survival, Oryctolagus cuniculus, implan- 
tation swellings. 680. 


Encephalomyelitis, Venezuelan equine, cross 
protection, EEE. 607. 

Enzyme, arginase, protein diet. 151. aa 

beta-glucuronidase, non-competitive inhibi- 


tor, rabbit urine. 372. 
-lipoprotein. 998. 
carbonic anhydrase, rhesus monkeys. 359. 
cathepsin, trypsinogen activation. 74. 
co-, By, hepatic uptake. 293. 
Q, metabolism. 911, 914. 
collagenase. 183. 
cytochrome oxidase, amoebae. 916. 
deoxyribonuclease, plasma, DNA. 845. 
flavokinase, rat tissues, phosphatases. 784. 
glycerophosphate dehydrogenase, tetrazolium. 
Does 


histaminase, anaphylaxis. 466. 

kallikreins, ester substrates. 186. 

lipoprotein lipase, rabbit heart, heparin per- 
fused. 853. 

rat heart, reserpine effect. 299. 

lysozyme, plasma, typhoid vaccine. 597. 

monoamine oxidase, lung. 178. 

neuraminidase, Vibrio L, form. 776. 

papain, oral, antithrombin. 506. 

penicillinase transduction, Staphylococcus aure- 
us. 678. 

phosphatase, alkaline, human cell culture. 532. 

phosphorylase, muscle fiber, UDPG-glycogen 
transglucosylase. 569. 

proteolytic, debridement, burns. 79. 

Eye, cornea, allergic reactions, specificity. 478. 


Fat assimilation, bile-pancreatic deficiency. 40. 
Fever, spotted, Rocky Mountain, Rickettsia. 211. 


Gastric explants, protein-losing secretions. 560. 
Gastrointestinal tract, intact animals, blood 
flow. 512. 
Gland, submaxillary, autoantibodies. 486. 
Glucose absorption, newly-hatched chicks. 590. 
binding, insulin. 647. 
gold thio-, obesity, epinephrine, fasting, free 
fatty acids. 941. 
metabolism, cartilage. 458. 
islet cell stimulation. 66. 
6-deoxy-D-, action on glucose. 395. 
uptake, hypophysectomy. 689. 


Heart, adenosine metabolism. 738. 
blood flow. 786. 


muscle damage, manganese level, tissue, 
serum. 734. 

myocardial augmentation, postsystolic, shock. 
659. 


contractile force, hemorrhage. 858. 
depletion, norepinephrine, hemorrhagic hy- 
potension. 761. 
metabolism, tolbutamide. 375. 
output, isopropylarterenol hydrochloride. 172. 
Hemagglutination, Coxsackie viruses. 626. 
Hemagglutinin, adenovirus. 27. 
Hemorrhage, myocardial contractile force. 858. 
Heparin, hemostatic response. 253. 
Hexadimethrine, antiheparin, mast cell com- 
ponents. 19. 
Hexosamine, hydroxyproline, scurvy. 275. 
red cell, plasma. 251. 
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Histamine, polylysyl. 366. 
serotonin, heparin. 19. 
Homograft, rat, 6-mercaptopurine. 70. 
Hormone, adrenocorticoids. 451. 
ACTH, fetal pituitary. 47. 
aldosterone- metaraminol, shock reversal. 777. 
secretion, blood volume, primary aldostero- 
nism, hypertension. 728. 
androsterone, etiocholanolone 
adrenal carcinoma. 439. 
anterior pituitary, mammary growth. 880, 893. 
brain, insect. 240. 
corticosterone, rat adrenals, triparanol. 347. 
secretion, dexamethasone. 926. 
stress, turkeys. 538. 
cortisone, fludro-, excess, stress. 799. 
ee metabolism, phenylketonuria. 
estrogen, Ovarian weight. 946. 
gonadotrophin, non-hypophyseal, vitamin Be- 
deficient rats. 535. 
pituitary. 4. 
growth, muscle potassium. 349. 
S35 incorporation. 315. 
hydrocortisone, human tissue culture. 556. 
metabolism bioflavonoids. 128. 
insulin antibodies. 345. 
content, crystalline glucagon. 148. 
glucose binding. 647. 
ee nicotinamide, nicotinic acid. 


precursors, 


[131, metabolism. 809. 
mammotrope, breast cancer. 921. 
mixtures, dose response, mathematical de- 

termination. 309. 
parathyroid, secretion rate. 842. 
progesterone, estradiol bénzoate, thyroxine, 
placentoma formation, DNA. 471. 

placentoma formation, DNA. 469. 

17-hydroxy-, adrenal. 398. 
serotonin solubilization, benzene-butanol, 

man plasma. 936. 
testicular cholesterol, starling. 653. 
thyroid, sae Ue growth 


hu- 


inhibition. 


thyroxine, body weight, feed. 520. 
secretion, adrenalectomy. 571. 
vasopressin, corticotropin release. 515. 
Reed ene, iodinated, antithyroid effects. 
987. 
Hypertension, angiotensin. 943. 
polythiazide. 864. 
primary ‘aldosteronism, blood volume. 728. 
Hypophysis, see Pituitary. 
Hypotension, hemorrhagic, norepinephrine de- 
pletion, myocardium. 761. 
Hypothalamus, pituitary implants. 4. 
Hypothermia, protein, rat. 4206. 


Immune histiocytotoxicity. 8. 
response, drugs. 796. 
thyroiditis, experimental. 12. 

Immunoelectrophoresis, serum, 

2, 

Immunology, glucagon. 491. 

Infection resistance, staphylococcal extracts. 60. 

Inflammation, SH groups. 1002. 

Interferon inhibition, RNA infectivity. 639. 
measles virus. 573. 


scleroderma. 


1011 


Intestine, anaphylactic susceptibility, chicken 
guinea pig. 68. 

Irradiation, delayed bone marrow implantation. 
414 


m2 


erythropoiesis, rats. 751. 

normal bactericidins. 590, 

radiosensitivity, swine progeny. 16. 
Isopropylarterenol hydrochloride, cardiac out- 

put. 172. 
Isotope, [131 excretion, bile loss. 502. 
insulin, metabolism. 809. 

Isovalthine synthesis. 392. 


Kidney, countercurrent diffusion exchange. 872. 
nephritis, hyperosmotic. 165. 
pyelo-, endotoxin tolerance. 402. 
experimental. 201. 
transplantation, rabbit. 51. 


Lipid metabolism, cultured cells. 30. 

phospho-, analysis, choline. 383. 
formation, choline. 463. 
synthesis, stressed serum. 525. 

Liver fractions, copper, molybdenum. 666. 
injury, bilirubin overload test. 43. 
mitochondrial swelling. 168. 
tissue, trace elements. 94. 
tremorine activation. 731. 
uptake, coenzyme Bw. 293. 

Lung, ozone toxicity. 178. 

Mammary gland growth, anterior pituitary 

preparations, mouse. 893. 
hormones, rat. 880. 
hormones, rat. 989. 
involution. 668. 
Mercaptopurine, 6-, antibody production, guin- 

ea pigs. 933. 

rat homograft. 70. 

$35-, ribonucleic acid. 324. 

Muscle, blocking, SKF 525-A. 157. 

fiber, uridine diphosphate glucose-glycogen 
transglucosylase, phosphorylase. 569. 
smooth, tyramine metabolism in vitro, 258. 
Nephrosis, aminonucleoside, experimental py- 
elonephritis. 201. 
Nerve growth factor, sympathetic ganglia, cate- 
cholamines. 663. 
Nicotine metabolism, 3-pyridylacetic acid. 145. 


Ovary, weight response, estrogen. 946. 

Oviduct, rabbit, metabolism. (86. 

Oxidation,  1,1,3-tricyano-2-amino-1l-propene. 
85. 


Palate, cleft, riboflavin deficiency. 404. 
Palmitate-1- ‘CH oxidation, erythrocytes. 205. 
Pancreas, modified total fistula. 986. 
trypsinogen, cathepsin activation. 74. 
Phagocytosis. 748. 
Phosphorothioate, cholinergic, toxicity, sex dif- 
ference. 908. 
Phosphorus, calcium metabolism, chronic COs. 
305) 
metabolism, aging rats. 377. 
tumor-host relation. 740. 
Physalia, gas secretion. 673. 
toxin. 670. 
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Pituitary, fetal, ACTH. 47. 
gonadotrophin. 4. 
hypophysectomy, glucose uptake. 689. 
laying hen, follicular atresia. 233. 
Placenta, tissue culture. 565. 
Plasma deoxyribonuclease, injected DNA. 845. 
glycolipids. 197. 
lysozymes, endotoxin injection. 599. 
Plutonium removal, DTPA. 120. 
Potassium content, stress, rat brain. 972. 
muscle, growth hormone. 349. 
release, stress, rat brain. 973. 
Protein, cerebrospinal fluid. 170. 
-losing secretions, gastric explants. 560. 
magnesium, potassium interrelations. 793. 
Prothesis, vascular, Marlex. 208. 


Radiocolloids, yttrium 90. 495. 
Radiosensitivity, irradiated swine progeny. 16. 
Reaction, Arthus, electron microscopy, ferritin. 
546. 
Regeneration, lizard limb. 106. 
induction. 108. 

Reserpine, lipoprotein lipase, rat heart. 299. 

melanophore dispersion, frogs. 282. 
Respiration, COs, acetazolamide. 387. 
Rickettsia Rickettsii, spotted fever. 211. 


Sarcoidosis, serological reaction. 321. 


Scurvy, hexosamine, hydroxyproline. 2 
Serum binding, penicillin analogues. 33 
cholesterol, chick, bile acids. 742. 

cultured cells, atherosclerosis. 594. 
cytotoxic factor. 235. 
glycoproteins, injury. 960. 
haptoglobins, experimental connective tissue 
disease. 499, 
man. 616. 
lipoproteins, beta-, enzymatic activity. 998. 
fractionation. 224. 
human pathological fluids. 102. 
transferrin, cattle, rivanol. 861. 
Shock, endotoxin, reversal, aldosterone-metar- 
aminol. 777. 
hemorrhagic, antibiotics. 620. 
postsystolic myocardial augmentation. 659. 
Steroid antagonism, endometrial carbonic anhy- 
drase. 444. 
ethynyl-estrenediol diacetate, “progestin”. 991. 
Strandin, cationic interactions. 35. 
Stress, fludrocortisone excess, rat. 799. 
release, rat brain. 973. 
potassium content, rat brain. 972. 
Strontium elimination, bone, tetracycline. 550. 


Thioridazine, carbon tetrachloride. 579. 
Thyroid adrenal interaction, eruption rate, in- 
cisors. 268. 
antagonists. 802. 
hormones, microorganisms, growth inhibition. 
965. 
hyperthyroidism, body weight, feed. 520. 
immunothyroiditis, experimental. 12. 
para-, function, humoral control. 342. 
hormone secretion rate. 842. 


Tissue, ae glucose uptake, dietary lactose. 
1k 


connective, disease, serum haptoglobin. 499. 
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culture, alkaline phosphatase. 532. 

Eaton’s agent. 715. 

epithelial, fibroblast cell surfaces, electron 
microscope. 812. : , , 

fibroblasts, chicken, latex particle ingestion. 
895. 

human hydrocortisone. 556. 

influenza virus, ammonium ions. 447. 

metrazol. 352. : 

psittacosis virus, 5-fluorouracil resistance. 


term placenta. 565. 
traumatized, monkey polio multiplication. 97. 
Tocopherol, blood, vitamin E deficiency. 381. 
Tolbutamide, myocardial metabolism. 375. 
Tolerance, parabiosis-induced, transfer. 553. 
Toxicity, potato sprouts, solanine, rats. 807. 
sex difference, cholinergic phosphorothioate. 


Toxin, botulinum, type A, rabbits. 284. 
endo-, bacterial, lipoid A, sarcoma 180. 816. 
modified, lethality. 529. 
protection. 819. 
injection, plasma lysozymes. 599. 
polysaccharides, hydroxylaminolysis. 964. 
tolerance, pyelonephritis. 402. 
Physalia. 670. 
Transmissible cytopathic agent, DNA degrada- 
tion: 135: 
thymine catabolism. 138. 
Transplantation antigens. 968. 
bone marrow. 821. 
irradiation. 414. 
kidney, rabbit. 51. 
glioblastoma cultures. 636. 
Tremorine metabolism, liver. 731. 
Triiodothyronine, erythrocytes, mongolism. 401. 
Tumor cells, ascitic, Ehrlich, modification. 389. 
growth, heparinized peritoneal cavity, 
mouse. 838. 
glioblastoma, tissue cultures, transplantation. 
636. 
-host relation, phosphorus metabolism. 740. 
induction, monkey kidney extracts. 191. 
sarcoma 180, endotoxin lipoid A. 816. 
thyrotropic, responsiveness after surgery. 175. 
Tyramine metabolism, smooth muscle prepara- 
tion. 258. 


Umbilical cord, perfused, water transfer. 622. 
Urate, tubular secretion, pyrazinamide sup- 
pression. 905. 
Urine, “heparinoid” excretion. 317. 
normal, antibodies. 765. 
phenylketonuria, epinephrine metabolism. 721. 


Vibrio cholerae, L form, neuraminidase. 776. 
Virus, adeno, hemagglutinin. 27. 
new. 434. 
chicken sarcoma, electron microscopy. 88. 
Coe: 63: 
Coxsackie, human amnion cells. 544. 
B, hemagglutination. 626. 
DNA, inhibitors. 142. 
ECHO 28, isolation. 770. 
encephalomyelitis, Venezuelan equine, cross 
protection, EEE. 607. 
feline, complement fixation. 645. 
foot-and-mouth disease, infectious 
cleic acid. 610. 


ribonu- 
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Friend, disease, splenectomy. 824. 
hepatitis, infectious canine, adenovirus rela- 
tionships. 214. 
mouse, necrogenic yeast. 437. 
murine, in vitro. 326. 
herpes simplex, latent infection. 628. 
mouse immunization. 518. 
inhibition, ammonium ions, 834. 
influenza. 447. 
Junin, HeLa cell cultures. 684. 
measles, canine distemper. 588. 
interferon. 573. 
Mengo, Reo-3, assays, comparison. 651. 
mumps, cytopathogenicity, chick embryo, hu- 
man amnion cells. 804. 
Newcastle disease, hamster. 656. 
plaques, replication. 790. 
polio, human amnion cell cultures, carbohy- 
drates. 603. 
identification, fluorescent antibody. 1. 
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multiplication, traumatized tissue. 97. 

RNA infectivity, interferon inhibition. 639. 

type 3 attenuated, human intestinal passage. 
829 


polyoma, counting. 409. 
psittacosis, 5-fluorouracil resistance. 648. 
Salisbury, penicillium inhibitor. 55. 
trachoma, tissue cultures, antibiotics. 508. 
vaccinia, heated, virus growth inhibitor. 957. 
Vitamin Bo-deficient rats, nonhypophyseal gon- 
adotrophins. 535. 
By, formiminoglutamic acid. 723. 
methionine biosynthesis. 977. 
renal clearance. 219. 
E, deficiency, tocopherol. 381. 
pro-, carotene, beta-, labeled, metabolism. 
363. 
riboflavin deficiency, cleft palate. 404. 
phosphate formation, hydrolysis, rat tissue 
extracts. 784. 


